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1
METHOD FOR DESIGNING A SPECTACLE
LENS AND SPECTACLE LENS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of German patent
application DE 10 2012 102 743.9, filed on Mar. 29, 2012,
and of U.S. provisional application No. 61/617,316, filed on
Mar. 29, 2012.

BACKGROUND OF THE INVENTION

The present invention relates, according to a first aspect, to
a method for designing a spectacle lens for a user, the spec-
tacle lens comprising a first lens element and at least one
second lens element, the first lens element having a front
surface and a back surface that comprises a first back surface
region and a second back surface region, the at least one
second lens element comprising a front surface and a back
surface, the second back surface region of the first lens ele-
ment and the front surface of the second lens element being
contiguous, a front surface of the spectacle lens being formed
by the front surface of the first lens element and a back surface
of'the spectacle lens being formed in a base region by the first
back surface region of the first lens element and in an achro-
matic region by the back surface of the at least one second lens
element.

The present invention furthermore relates, according to a
second aspect, to a method for producing a spectacle lens,
which comprises the method for designing a spectacle lens
according to the first aspect.

According to a third aspect, the present invention relates to
a computer program product having program code for carry-
ing out the method for designing a spectacle lens according to
the first aspect of the invention.

The present invention furthermore relates, according to a
fourth aspect, to a spectacle lens comprising a first lens ele-
ment and at least one second lens element, the first lens
element being formed from a first material and the second
lens element being formed from a second material, the first
material and the second material interacting at least partially
achromatically, the first lens element having a front surface
and a back surface that comprises a first back surface region
and a second back surface region, the at least one second lens
element comprising a front surface and a back surface, the
second back surface region of the first lens element and the
front surface of the second lens element being contiguous, a
front surface of the spectacle lens being formed by the front
surface of the first lens element and a back surface of the
spectacle lens being formed in a base region by the first back
surface region of the first lens element and in an achromatic
region by the back surface of the at least one second lens
element, the first back surface region of the first lens element
having a first tangent at at least one first transition point
between the base region and the achromatic region in a first
cross-sectional plane of the spectacle lens, the back surface of
the at least one second element having a second tangent at the
at least one first transition point in the first cross-sectional
plane.

The present invention furthermore relates to spectacles
comprising a frame and at least one spectacle lens according
to the fourth aspect.

It is widely known that, owing to the wavelength depen-
dency of the refractive index of the optical material from
which it is manufactured, a spectacle lens causes chromatic
aberrations when the spectacle lens is manufactured from
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2

only one lens element. The chromatic aberrations include
axial chromatic aberration, which creates different foci for
different wavelengths of light. This is also referred to as
longitudinal chromatic aberration. Besides axial chromatic
aberration, transverse chromatic aberration occurs as a fur-
ther chromatic aberration, which is manifested by colour
fringes or colour edges in the image plane, i.e. on the retina of
the eye in the case of a spectacle lens, which the spectacle
wearer perceives and finds perturbing beyond a certain
strength. Transverse chromatic aberration is also referred to
as difference in chromatic magnification or as lateral chro-
matic aberration.

An estimate of the width of the resulting colour fringes, or
the transverse chromatic aberration, can be given according to
standard technical literature, for instance Diepes/Blen-
dowske, “Optik and Technik der Brille” [Optics and technol-
ogy of spectacles], Optische Fachverdffentlichung GmbH,
Heidelberg, Germany, 2005, Chapter 5.3, by the formula:

J,
Abchrom = —
V

e

where Ad is a width of the colour fringe in

chrom

which is proportional to a prismatic power d, at the position in
question and to the inverse of the Abbe number of the material
in question. The prismatic power and the Abbe number in this
caserelateto the same wavelength, in the formula above to the
e-line, i.e. a wavelength of 546.074 nm.

In the case of spectacle lenses with a low strength, the
transverse chromatic aberration is not noticeable as a pertur-
bation for the spectacle wearer. However, the chromatic aber-
ration, in particular the transverse chromatic aberration,
increases in the case of spectacle lenses with an increasing
prismatic power. Furthermore, even if the ground prescription
does not comprise prismatic correction, spectacle lenses may
nevertheless exhibit transverse chromatic aberration owing to
prismatic side-effects according to Prentice’s rule for large
viewing angles, even though the visual defect to be corrected
is based on short-sightedness or long-sightedness.

High-index materials are often used nowadays, in particu-
lar plastics or high-index glass types, in order to keep the
spectacle lens thickness as thin as possible for cosmetic rea-
sons. Yet precisely in the case of materials with a high refrac-
tive index, the transverse chromatic aberration also becomes
much stronger because an increasing refractive index gener-
ally entails a lower Abbe number.

It is therefore desirable to at least attenuate the transverse
chromatic aberration which is created by a spectacle lens.

In the field of objectives, for example for cameras, it is
known to correct chromatic aberration by so-called achro-
mats. An achromat in optics means a system of at least two
lenses which consist of materials with a different Abbe num-
ber and/or different refractive index and therefore different
dispersion behaviour. One of the two lenses is a converging
lens, which is conventionally made of a material with a higher
Abbe number, for example crown glass, and the other lens is
a diverging lens made of a material with a lower Abbe number
and therefore higher dispersion than the converging lens, this
lens being made for example from flint glass.
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The two lenses are shaped and connected together at mutu-
ally complementary surfaces in such a way that the chromatic
aberration is virtually eliminated for two wavelengths. The
two lenses then interact achromatically.

In the context of the present invention, “interact with one
another at least partially achromatically” or “interact achro-
matically” is intended to mean that the transverse chromatic
aberration or the chromatic aberration is/are not necessarily
entirely eliminated, but is/are at least attenuated.

The conventional achromats described above are not suit-
able for use as spectacle lenses. This is because, since these
achromats are composed of two complete lenses, they also
have a corresponding thickness and concomitantly a weight
which is too high.

Alens is shown in the document GB 487 546 A. A lens may
consist of two lens elements which essentially have the same
refractive index, one of which lens elements is made of flint
glass with a refractive index of about 1.61 and an inverse
relative dispersion of about 36. The other lens element is
made of barium crown glass with a refractive index of about
1.61 and an inverse relative dispersion of about 50. The
former lens element is a diverging lens element, and the latter
lens element is a converging lens element. The two lens
elements are connected together at mutually complementary
surfaces.

The lens produced in this way has a back surface, i.e. a
surface facing towards the wearer’s eye, which is formed
entirely by the diverging lens element, while the front surface
of the lens, i.e. the side of the lens facing away from the
wearer’s eye, is formed partially by the surface of the con-
verging lens and in its edge region by the surface of the
diverging lens. This lens furthermore suffers from the disad-
vantage that it consists of two lens elements and is therefore
relatively thick and of high weight.

The technical article: “Hybrid diffractive-refractive achro-
matic spectacle lenses”, W. N. Charman, Ophthal. Physiol.
Opt. 1994, Vol. 14, pages 389 to 392 also relates to the
reduction of chromatic aberrations in spectacle lenses. It is
emphasised therein that achromats which comprise a lens
with a low refractive index and a high Abbe number and a lens
with a high refractive index and a low Abbe number, of which
the first lens is divergent and the other convergent, are not
practicable as spectacle lenses since they conflict with the
desire for small thickness and low weight of spectacle lenses.
In order to overcome the difficulty of achromats, it is pro-
posed therein to combine a refractive lens with a diffractive
element, in which case the combination of the refractive lens
and the diffractive element can have essentially the same
thickness and the same weight as the refractive lens on its
own.

However, a spectacle lens which is composed of a refrac-
tive lens and a diffractive element is very elaborate in terms of
its production, since the diffractive element has to be pro-
duced with high precision in order to prevent other imaging
defects from being induced by the diffractive element.

BRIEF SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide an
improved method for designing a spectacle lens, an improved
method for producing a spectacle lens, an improved spectacle
lens and improved spectacles, which, despite the at least
partial achromatic effect thereof, has/have a thickness which
is as small as possible and a weight that is as low as possible
and allows/allow a user, or wearer of the spectacle lens, a
visual perception which is as free as possible from perturba-
tion and as comfortable as possible.
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According to a first aspect of the invention, it is provided a
method for designing a spectacle lens for a user, in particular
through the use of a non-transitory computer-readable
medium, the spectacle lens comprising a first lens element
and at least one second lens element, the first lens element
having a front surface and a back surface that comprises a first
back surface region and a second back surface region, the at
least one second lens element comprising a front surface and
aback surface, the second back surface region of the first lens
element and the front surface of the second lens element being
contiguous, a front surface of the spectacle lens being formed
by the front surface of the first lens element and a back surface
of'the spectacle lens being formed in a base region by the first
back surface region of the first lens element and in an achro-
matic region by the back surface of the at least one second lens
element, comprising the following steps:

first establishing a first material of the first lens element and

of a second material of the at least one second lens
element,

ascertaining at least one first transition point between the

base region and the achromatic region on the back sur-
face of the spectacle lens, a first cross-sectional plane of
the spectacle lens extending through the at least one first
transition point,

first determining of a wedge edge angle between the back

surface of the at least one second lens element and the
front surface of the at least one second lens element at
the at least one first transition point in the first cross-
sectional plane and determining a kink angle between a
tangent of the first back surface region in the first cross-
sectional plane at the at least one first transition point and
a tangent of the back surface of the at least one second
lens element in the first cross-sectional plane at the at
least one first transition point, in such a way that a
prismatic power of the spectacle lens in the base region
at the at least one first transition point corresponds for
the user to a prismatic power of the spectacle lens in the
achromatic region at the at least one first transition point,
second establishing a first radius of curvature of the back
surface of the at least one second lens element in the first
cross-sectional plane at the transition point,

second determining a second radius of curvature of the

front surface of the at least one second lens element of
the at least one second back surface region of the first
lens element in the first cross-sectional plane at the tran-
sition point, in such a way that a spherical power and an
astigmatic power of the spectacle lens in the base region
at the transition point correspond for a user of the spec-
tacle lens to a spherical power and an astigmatic power
of the spectacle lens in the achromatic region at the
transition point.

Accordingly, a “spectacle lens” refers to an ophthalmic
lens which is worn in front of the eye but not in contact with
the eye. Accordingly, this is a spectacle lens having two fully
processed optical surfaces. It may be a spectacle lens before
or after the edging. In principle, the spectacle lenses are
delivered as so-called uncut spectacle lenses, or spectacle
lenses finished with raw edges, for example from a large-scale
laboratory to dispensing opticians. The uncut spectacle lens
generally has a circular or elliptical edge shape. The uncut
spectacle lenses are only adapted to a particular frame and
brought into the final size and shape by edging on the dis-
pensing optician’s premises.

The term “optical axis” is intended to mean a straight line
which is perpendicular to the two optical surfaces of a spec-
tacle lens and along which light passes through the spectacle
lens undeviated.
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A “meridian plane” is intended to mean any plane which
contains the optical axis of a spectacle lens.

The term “Abbe number” is intended to mean the Abbe
number as described by the expression

ne—1
V= ,
nEr —Rer

with n, as the refractive index of the green mercury e-line
(wavelength: 546.07 nm), n, the refractive index of the blue
cadmium F'-line (wavelength: 479.99 nm) and n_.. the refrac-
tive index of the red cadmium C'-line (wavelength: 643.85
nm).

In the context of the present invention, a “cross-sectional
plane” is intended to mean a cross section through the spec-
tacle lens, which is parallel to an intended main fixation
direction of a user through the spectacle lens. If the spectacle
lens has an optical axis, the cross-sectional plane may be a
meridian plane. If a spectacle lens does not have an optical
axis, the cross-sectional plane may contain the geometrical
centre, i.e. the point of intersection of the horizontal and
vertical centrelines of the box, relating to the shape of the
uncut spectacle lens. A “geometrical centre axis” then
extends through the geometrical centre parallel to an intended
main fixation direction through the spectacle lens. The cross-
sectional plane can therefore contain the visual point, i.e. the
point of intersection of the line of sight with the back surface
of the spectacle lens.

The “line of sight” is in this case intended to mean the line
which joins the centre of the fovea to the centre of the exit
pupil of the eye and its continuation from the centre of the
entrance pupil forward into object space.

In the context of the present application, a “main visual
point” is in this case intended to mean the point on the back
surface of the spectacle lens at which the line of sight inter-
sects the back surface of the spectacle lens, when the eye
assumes a relaxed position. This is also referred to as “pri-
mary position”, i.e. a position of the eye relative to the body
for the case in which the eyes look straight in a fixation
direction at an object which lies at eye level.

In the case of decentration of the spectacle lens, the
required centration point is different from the geometrical
boxed centre in the form of the edged spectacle lens. In
particular, the cross-sectional plane may then comprise the
“fitting point™, i.e. the point on the front surface of the spec-
tacle lens or of the uncut spectacle lens which, according to
the stipulation of the manufacturer, is to be used as areference
point for positioning the lens in front of the eye. The position
of the fitting point is generally placed and readable as a
marking in the spectacle lens.

The terms “front surface” and “back surface” in the context
of the present application refer to the surface of the first lens
element on which the second lens element is applied. The
second lens element is always applied on the back surface of
the first lens element. A surface ofthe first lens element facing
away from the second lens element is therefore always the
front surface of the first lens element. That surface of the
second lens element which adjoins the first lens element is
always the front surface of the second lens element. The side
of the second lens element facing away from the first lens
element is always the back surface of the second lens element.

It follows from this that the terms “front surface” and “back
surface” in the context of the present application may corre-
spond to the common meaning in the art although they do not
have to. According to the common meaning in the art, the term
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“front surface” is intended to mean the surface of the spec-
tacle lens which is intended to face away from the eye in the
spectacles. According to the common meaning in the art, the
term “back surface” is intended to mean the surface of a
spectacle lens which is intended to face towards the eye in the
spectacles. The terms of the application thus correspond to
the common meaning in the art when the second lens element
is finally intended to be arranged on the eye side of the first
lens element. If the second lens element is intended to be
arranged on the side facing away from the eye, precisely the
opposite meaning results. The “front surface” in the context
of'the application would then be the back surface in the sense
of the common meaning in the art and the “back surface” in
the context of the application would be the front surface in the
sense of the common meaning in the art.

The term “prismatic power” is intended to mean both the
prismatic deviation and the base setting of the prismatic
deviation. “Prismatic deviation” is intended to mean the
change in direction of a ray of light as a result of refraction.
When a prismatic power is referred to in relation to a cross-
sectional plane or in a cross-sectional plane, then this is
intended to mean the prismatic power in the corresponding
cross-sectional plane. The base position is defined according
to the well known meaning in the art, and it may be indicated
for example in polar coordinates according to the TABO
scheme, the semicircular degrees of arc scheme widely
known to the person skilled in the art.

The term “dioptric power” is intended to mean both the
focal power and the prismatic power of a spectacle lens.

The term “focal power” describes both the spherical and
astigmatic powers of a spectacle lens at a particular point.

“Contiguous” is intended to mean that two surfaces are
connected together or arranged next to one another, while not
forming an air gap between them. The two surfaces of the
contiguous lens elements are therefore configured with
complementary shapes to one another.

The term “at a transition point” is intended to mean an
infinitesimally small approximation to the transition point.

The “transition point” is intended to mean the point at
which a surface of the first lens element and a surface of the
second lens element meet one another and therefore transition
into one another.

A “perturbing transverse chromatic aberration” is intended
to mean a limit value which can be defined as one beyond
which a transverse chromatic aberration is defined as perturb-
ing and should therefore be eliminated. Examples of such a
limit value may be 0.25 cm/m or for instance 0.5 cm/m. When
a transverse chromatic aberration actually begins to be per-
ceived as perturbing by a user differs individually. In general,
a perturbing transverse chromatic aberration is defined as a
transverse chromatic aberration of more than 0.25 cm/m.

The term “for a user” is intended to mean the effect of the
spectacle lens for the user for whom the spectacle lens is
designed. Such a calculation “for a user” is therefore carried
out on the basis of user data. In particular, these user data
relate to a position of the assumed eye rotation point relative
to the spectacle lens. In particular, the position of the eye
rotation point is indicated as a distance from the back surface
of'the spectacle lens. In the case of a rotationally symmetrical
spectacle lens, for example, the eye rotation point lies at a
certain distance from the back surface of the spectacle lens on
its optical axis.

“User data” may be both individual user data and standard
user data. For example, a monofocal spectacle lens with a
particular dioptric power may be configured for standard user
data. Individual user data are, for example, recorded by an
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optician and sent to a spectacle manufacturer in order to
calculate a design of the spectacle lens.

The term “in such a way that for” relating to the determi-
nation of particular eftects of the spectacle lens for a user is
intended to mean the effects for a principal ray of the user
extending through the eye rotation point. A change in the
transverse chromatic aberration for the user is also based on a
principal ray of the user extending through the eye rotation
point.

A “normal plane” is intended here to mean a plane which is
perpendicular to the cross-sectional plane. A normal plane is
therefore, for example, in which the box frame of the spec-
tacle lens is also specified. If the normal plane is an X-Y
plane, for example, then a cross-sectional plane could lie in
the Y-Z plane.

An “axial position range” or an “axial position” relating to
the position of the cross-sectional plane is therefore intended
to mean an angular position within the normal plane in a
similar way to the TABO scheme. It is, in particular,
explained in the description of the figures with reference to
FIG. 8.

As already mentioned above, in the context of the present
invention “interact with one another at least partially achro-
matically” or “interact achromatically” is intended to mean
that the transverse chromatic aberration or the chromatic
aberration is/are not necessarily entirely eliminated, butis/are
at least attenuated. The first material of the first lens element
and the second material of the second lens element therefore
have different refractive indices and/or different Abbe num-
ber at the same wavelength, so that the first lens element and
the second lens element then interact at least partially achro-
matically.

The back surface of the spectacle lens according to the
invention has a “base region” and an “achromatic region”.
The “base region” is in this case defined as the region of the
back surface of the spectacle lens which is formed by the first
back surface region of the first lens element. The “achromatic
region” is defined as the region of the back surface which is
formed by the back surface of the second lens and in the
achromatic region, the first lens element and the second lens
element therefore interact at least partially achromatically.

A “basic design” of the first lens element is intended in the
context of the present application to mean the data describing
the first lens element, apart from the profile of the second back
surface region. The basic design therefore comprises a mate-
rial of the first lens element, the data of the profile or geometry
of' the front surface, the data of the profile or geometry of the
first back surface region and the centre thickness of the first
lens element. It furthermore comprises the inclination of the
front surface and of the first back surface region relative to
one another or, generally speaking, the position of the coor-
dinate system describing the front surface and of the coordi-
nate system describing the first back surface region relative to
one another.

The “box” or the “boxing system” is a system of dimen-
sions and definitions which is based on a rectangle that is
formed by the horizontal and vertical tangents to the outer-
most edges of the spectacle lens or semifinished spectacle
lens. The “horizontal centreline” is the line which is equidis-
tant from the two horizontal tangents. The “vertical centre-
line” is the line which is equidistant from the two vertical
tangents. The point of intersection of the vertical centreline
and the horizontal centreline is also referred to as the “geo-
metrical centre”. In the case of a box for an edged spectacle
lens in a frame, the point of intersection is also referred to as
the “boxed centre”. The “spectacle plane” of spectacles is the
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plane which contains the vertical centreline of the first, or left
spectacle lens and the vertical centreline of the second, or
right spectacle lens.

The concept that the spherical or astigmatic powers in the
base region and the achromatic region “correspond to one
another” is intended to mean that the powers lie within a
tolerance range of 0.1 dpt relative to one another, and in
particular they are identical. For example, a spherical power
in the base region at the transition point may be +2.0 dpt. With
a spherical power in the achromatic region at the transition
point of more than +1.9 dpt and less than +2.1 dpt, powers
would still “correspond to one another”. In particular, the
powers are identical, i.e. in the example mentioned above
both powers would then be +2.0 dpt. The term “correspond to
one another” is thus to be understood as a tolerance range of
less than 0.1 dpt difference.

According to the invention, it is therefore proposed to
configure a second lens element on the back surface of a first
lens element and to form the spectacle lens from these two
lens elements. The two lens elements in this case interact at
least partially achromatically. This means that the first lens
element and the at least one second lens element are formed
from different materials with different Abbe numbers.

For a user of the spectacle lens, the effect of the spectacle
lens may change abruptly when he moves his line of sight
from the first lens element or the base region into the achro-
matic region with the at least one second lens element. In
principle, however, such power discontinuities at a transition
point or at a transition line composed of the transition points
between the base region and the achromatic region may be
perturbing for a user of the spectacle lens.

Although a transverse chromatic aberration can be reduced
significantly by the at least one second lens element in the
achromatic region, on the other hand these power disconti-
nuities, possibly perceived as perturbing, nevertheless occur
at the transition line between the base region and the achro-
matic region. By means of the proposed method according to
the invention, however, it is possible to eliminate all power
discontinuities between the base and achromatic regions for a
user of the spectacle lens. The visual perception is thereby
significantly improved.

This is made possible in particular by obviating the con-
tinuous differentiability of the back surface of the spectacle
lens, which is required for the conventional design of spec-
tacle lenses. According to the invention, a tangent of the first
back surface region of the first lens element in the base region
at the transition point in the first cross-sectional plane and a
tangent of the back surface of the at least one second lens
element in the achromatic region at the transition point in the
cross-sectional plane can intersect one another. In other
words, the back surface of the spectacle lens then has a kink
at the transition point.

The angle between the tangents will also be referred to as
the “kink angle”. Surprisingly, precisely this kink on the back
surface of the spectacle lens allows additional degrees of
freedom in the configuration, making configuration possible
in such a way that there are no power discontinuities in the
prismatic power, the spherical power or the astigmatic power
at the transition point for the user.

The proposed method therefore makes it possible to pro-
vide a spectacle lens which requires the provision of at least
one second lens element only in regions in which it has been
determined that the transverse chromatic aberration is per-
turbing. In the case of a rotationally symmetrical spectacle
lens, for example, this may involve a peripheral region of the
spectacle lens. The first and second lens elements therefore do
not need to cover one another fully. The back surface is
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partially formed by the back surface of the first lens element,
namely in regions in which the transverse chromatic aberra-
tion is not perturbing for the user. In the other regions, the at
least one second lens element is applied on the back surface of
the first lens element, and the transverse chromatic aberration
is likewise reduced in these regions owing to the at least
partial achromatic interaction of the first and second lens
elements. At the same time, the weight of the overall spectacle
lens is reduced in comparison with a “full achromat” in which
two lens elements are connected to one another surface-wide,
since the at least one second lens element is provided only
where it is needed. Furthermore, by obviating the require-
ment for continuous differentiability of the back surface of
the spectacle lens at the transition points, or on the transition
line between the base region and the achromatic region, both
a prismatic power discontinuity and a discontinuity in the
spherical and astigmatic powers can be avoided. This allows
perturbation-free and comfortable visual perception.

According to a second aspect of the invention, a method for
producing a spectacle lens is furthermore provided, which
comprises the steps of designing spectacle lens according to
the first aspect of the invention or one of its refinements and
furthermore the steps of manufacturing the first lens element,
manufacturing the at least one second lens element and con-
necting the first lens element and the at least one second lens
element.

In this way, it is possible to produce a spectacle lens which
has the advantages described above.

According to a third aspect of the invention, a computer
program product is furthermore provided, in particular stored
on a non-transitory computer-readable medium, having pro-
gram code which is configured in order to carry out a method
according to the first aspect of the invention or one of its
refinements when the computer program product is run on a
data-processing device.

The computer program product therefore allows the above-
described configuration of a spectacle lens, and therefore has
the same advantages.

According to a fourth aspect of the invention, there is
provided a spectacle lens comprising a first lens element and
a second lens element, the first lens element being formed
from a first material and the second lens element being
formed from a second material, the first material and the
second material interacting at least partially achromatically,
the first lens element having a front surface and a back surface
that comprises a first back surface region and a second back
surface region, the at least one second lens element compris-
ing a front surface and a back surface, the second back surface
region of the first lens element and the front surface of the
second lens element being contiguous, a front surface of the
spectacle lens being formed by the front surface of the first
lens element and a back surface of the spectacle lens being
formed in a base region by the first back surface region of the
first lens element and in an achromatic region by the back
surface of the at least one second lens element, the first back
surface region of the first lens element having a first tangent at
at least one first transition point between the base region and
the achromatic region in a first cross-sectional plane of the
spectacle lens, the back surface of the at least one second
element having a second tangent at the at least one first
transition point in the first cross-sectional plane, wherein the
first tangent and the second tangent intersect one another at a
kink angle in the first cross-sectional plane, the magnitude of
the kink angle being less than 90°.

By this design feature, as described above, it becomes
possible for the spectacle lens to have no power discontinui-
ties for a particular user at the transition point or on the
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transition line between the base region and the achromatic
region. As mentioned above, the back surface of the spectacle
lens is therefore not continuously differentiable. In other
words, the back surface of the spectacle lens has a kink at the
first transition point. Hence, the kink angle may be larger than
0°.

Such a spectacle lens then has the advantages described
above, namely that despite a significantly reduced transverse
chromatic aberration it can be produced with relatively low
weight and furthermore imparts a comfortable visual impres-
sion to the user since power discontinuities do not occur
between the base region and the achromatic region.

According to a fifth aspect of the invention, spectacles
having a frame and a first and a second spectacle lens are
provided, the first and/or the second spectacle lens being a
spectacle lens according to the fourth aspect or one of its
refinements, the cross-sectional plane or each cross-sectional
plane of the respective spectacle lens containing a boxed
centre of the respective spectacle lens and extending as a
normal to a plane of the spectacle plane of the spectacles, the
plane of the spectacle plane containing the vertical centre-
lines of the box of the first and second spectacle lenses.

In one refinement of the method according to the first
aspect of the invention, the first material of the first lens
element and the second material of the at least one second lens
element may be established in such a way that the first lens
element and the at least one second lens element interact at
least partially achromatically.

Therefore, even in the event that more than one second lens
element is provided, the at least one second lens element may
respectively be formed from a second material. It then inter-
acts at least partially achromatically with the first lens ele-
ment. The effect of this is that the first material and the second
material have different Abbe numbers. As an alternative, in
the event that more than one second lens element is provided,
the different second lens elements may of course respectively
consist of different materials. In this case as well, however,
each second lens element consists of a material that has an
Abbe number which is different from that of the first material
of the first lens element.

In another refinement of the method according to the first
aspect of the invention, the first establishment step may com-
prise establishment of a basic design of the first lens element,
the basic design comprising at least the front surface of the
first lens element and the first back surface region of the first
lens element.

In this way, the appearance of the spectacle lens in the base
region, or the first lens element, may be established first. For
the basic design, the transverse chromatic aberration and
therefore the position of the transition points, or of the base
region and of the achromatic region, may then be ascertained
for the user. For example, the basic design may be a design
configured and optimized in such a way that it implements a
prescribed correction for the user.

In another refinement of the method according to the first
aspect of the invention, the front surface of the first lens
element may be spherical and the first establishment step may
comprise establishment of a first radius of the front surface of
the first lens element.

This refinement allows a geometrically straightforward
configuration of the front surface of the spectacle lens and of
the first lens element. Furthermore, such a spherical front
surface can be manufactured with simple manufacturing
means. Naturally, such a spherical front surface of the spec-
tacle lens is per se restricted in the nature of the effects and the
distribution thereof over the front surface. This, however, may
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be supplemented by a corresponding configuration of the
back surface of the spectacle lens.

According to another refinement of the method according
to the first aspect, the first back surface region of the first lens
element is spherical in the base region, and the first establish-
ment step comprises establishment of a second radius of the
first back surface region.

Depending on the correction to be carried out by the spec-
tacle lens for the user, a first back surface region configured in
such a way may already be sufficient. A first back surface
region configured in such a way may then in turn be manu-
factured with simple means. In particular when both the front
surface of the first lens element and the first back surface
region of the first lens element are spherical, the first lens
element then has an optical axis which extends through the
rotational symmetry point of the front surfaces and the rota-
tional symmetry point of the first back surface region.

In another refinement of the method according to the first
aspect, in the step of the first determination of the kink angle,
the kink angle may be determined as a function of the first
material, the at least one second material, a predetermined
variation of the transverse chromatic aberration for the user of
the spectacle lens at the transition point, the prismatic power
of'the first lens element in the first cross-sectional plane in the
base region at the transition point, an inclination angle of the
front surface of the first lens element relative to a normal
plane of the first cross-sectional plane at a pass point through
the front surface of the first lens element of a principal ray
coming from an eye rotation point of the user through the at
least one first transition point, and an inclination angle of the
first back surface region relative to the normal plane at the at
least one first transition point.

Such determination of the kink angle can be carried out in
a straightforward way and represents the physical situation
accurately enough in order to provide a satisfactory result of
the configurations. A calculation for a principal ray of the eye
of the user, i.e. a ray which does not experience any optical
deviation by the user’s eye and extends through an eye rota-
tion point of the user, which is stored in the respective user
data, allows a configuration of the spectacle lens which cor-
responds to the necessary accuracy requirements. The con-
figuration of the spectacle lens is then carried out with the aid
of a multiplicity of principal rays, which are calculated for
different fixation directions of the eye. The proposed deter-
mination of the kink angle makes it possible for the tangents
of'the base region and of the achromatic region to intersect at
the transition point in the cross-sectional plane. The require-
ment for continuous differentiability of the back surface of
the spectacle lens is obviated. In this way, in the first deter-
mination step, it is possible to configure the prismatic power
of the achromatic region in the cross-sectional plane in such
a way that it corresponds at the transition point to the pris-
matic power of the base region in the cross-sectional plane. A
continuous profile of the prismatic power is therefore
obtained without discontinuity points over the height of the
spectacle lens. If the user turns his eye or a fixation direction
within the cross-sectional plane over the height of the spec-
tacle lens, for example when he fixates on an object in a
peripheral field of view, no prismatic power discontinuity,
which would be irritating for a user or impair his visual
impression, occurs at the transition from the base region to the
achromatic region.

In another refinement of the method according to the first
aspect, the kink angle may be determined at least approxi-
mately by means of the equation

KW=Kh-Kv+wl-w2,
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where KW is the kink angle in degrees, Kh is the wedge edge
angle in degrees, Kv is a further wedge angle between the
front surface of the first lens element and the front surface of
the at least one second lens element in degrees for a principal
ray coming from the eye rotation point of the user, w1 is the
inclination angle of the front surface of the first lens element
relative to a normal plane of the first cross-sectional plane at
apass point through the front surface of the first lens element
of a principal ray coming from the eye rotation point of the
user through the at least one first transition point, and w2 is the
inclination angle of the first back surface region relative to the
normal plane at the at least one first transition point.

In the equation given above, the angles Kh and Kv are
without reference to their sign, i.e. only the magnitude of the
respective angle in degrees is used. The angles w1 and w2 do
have a sign. These w1l and w2 are positive when they point
from the X-Y plane, or the normal plane, in the direction of
the positive Z axis, or at the user’s eye. For the kink angle KW,
the corresponding angle in the cross-sectional plane is then
given. A positive kink angle KW therefore means that the
back surface of the spectacle lens has a kink in the direction of
the user at the transition point. Correspondingly, for a nega-
tive kink angle KW, the difference that the back surface of the
spectacle lens kinks away from the user at the transition point.
In other words, in a function z(y) in the cross-sectional plane
of the back surface of the spectacle lens, the gradient of the
achromatic region at the transition point is greater than the
gradient of the base region at the transition point when the
kink angle KW is positive. If the gradient across the transition
point becomes smaller, the kink angle KW is negative.

In this way, when designing a spectacle lens, the kink angle
can already be determined straightforwardly to a relatively
good approximation. By means of'this kink angle ascertained
by the approximation described above, a spectacle lens can
already be manufactured. Furthermore, it is of course pos-
sible for the approximate solution found in this way to be used
as a start value for an optimization based on the approximate
solution. An optimization started by means of an approximate
solution as described above leads to a result more rapidly than
an optimization based on different or arbitrary start values.

An approximation as described above can therefore save
on the resources necessary in the electronic data processing
and save on the computation time for finding the optimized
solution.

In another refinement of the invention according to a first
aspect, in the step of first determination of the wedge edge
angle, the wedge edge angle may be determined as a function
of the first material, the at least one second material and the
predetermined change in the transverse chromatic aberration
of the spectacle lens at the transition point.

This makes it possible not only to avoid a discontinuity in
the prismatic power occurring at a transition point in the
cross-sectional plane, but also to achieve a predetermined
change in the transverse chromatic aberration on or at the
transition point owing to the degrees of freedom both of the
kink angle and of the wedge edge angle. In this way, it is
possible to establish the reduction which the transverse chro-
matic aberration experiences at the transition point. At the
same time, these degrees of freedom make it possible to
establish the reduction of the transverse chromatic aberration
at the transition point as a function of the position of the
transition point relative to an edge of the spectacle lens and
the transverse chromatic aberration limit value established as
perturbing, merely at a size which is just necessary so that a
transverse chromatic aberration of the spectacle lens is not
perceived as perturbing in a field of view which is as large as
possible. In this way, the size or thickness, i.e. the extent in the
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Z direction, of the at least one second lens element can be kept
as small as is necessary. The wedge edge angle and the kink
angle therefore provide two degrees of freedom for the con-
figuration of the spectacle lens, which make it possible to
implement a predetermined change in the transverse chro-
matic aberration at the transition point and furthermore to
avoid a prismatic power discontinuity at the transition point.

In another refinement of the method according to the first
aspect, the wedge edge angle may be determined at least
approximately by means of the equation

5)
nr—cos| =
Kh =2 -arccos| N

h
1 +nr? —Z-nr-cos(%]

where Kh is the wedge edge angle in degrees, nr is the refrac-
tive index of the at least one second material at a calculation
wavelength and ah is an angle of deviation in the cross-
sectional plane, the angle of deviation being determined at
least approximately by means of the equations

A-nyg-nyr

h = arct Ph d Ph=
an=are “(ﬁ) un T nyg—nyr’

where A is a predetermined change in the transverse chro-
matic aberration of the spectacle lens at the transition point,
nyg is an Abbe number of the first lens element at the calcu-
lation wavelength, and nyr is an Abbe number of the at least
one second lens element at the calculation wavelength.

Again, the procedure proposed above allows at least
approximate determination of the wedge edge angle. In this
way, it is likewise possible to find a solution for the wedge
edge angle which can already be used for manufacturing the
spectacle lens. Furthermore, this solution may be used as a
start value of a subsequent optimization of the spectacle lens.
Such an optimization can be completed more rapidly, which
can save on computation time and data-processing resources.

In another refinement of the invention according to the first
aspect, the further wedge angle may be determined at least
approximately by means of the equation

av
Kv =2-arccos| ng_COS(T) >

1 +ng? —Z-ng-cos(%)

where Kv is the further wedge angle in degrees, ng is the
refractive index of the first material at a calculation wave-
length and av is a further angle of deviation in the first cross-
sectional plane, the angle of deviation being determined at
least approximately by means of the equations

P A .
av = arctan(—v) und Pv = _ Sy + Pg,
100 nyg —nyr

where A is a predetermined change in the transverse chro-
matic aberration of the spectacle lens at the transition point,
nygis an Abbe number of the first lens element at a calculation
wavelength, nyr is an Abbe number of the at least one second
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lens element at the calculation wavelength, and Pg is the
prismatic power of the first lens element in the first cross-
sectional plane in the base region at the transition point.

In this way, it is likewise possible to determine the further
wedge angle Kv at least approximately during the first deter-
mination step. This makes it possible to approximate the start
conditions for a possible subsequent further optimization of
the spectacle lens closer to the final solution and spare com-
putation times and resources for the calculation. Furthermore,
it is of course possible for the solution found by means of the
formulae described above to be used directly for manufactur-
ing the spectacle lens.

In one refinement of the method according to the first
aspect, in the step of the at least one second determination of
the second radius of curvature, the second radius of curvature
may furthermore be determined at least approximately by
means of the equation

(ng—nr)-r2-rd

3= (l1-nr)-r2+@mg-1-r4’

where r3 is the second radius of curvature in mm, r2 is the
fourth radius of curvature in mm, and r4 is the first radius of
curvature in mm, ng is a refractive index of the first material
ata calculation wavelength, and nr is a refractive index of the
at least one second material at the calculation wavelength.

After the first determination step, the method for designing
the spectacle lens still has two degrees of freedom available at
the transition point, i.e. the second radius of curvature and the
first radius of curvature. In other words, in this way a second
derivative of the front surface and of the back surface of the
second lens element is specified to an infinitesimally small
approximation at the transition point. Since the back surface
of the spectacle lens is formed by the back surface of the
second lens element in the achromatic region, it is established
in the configuration. Depending on the further profile of the
back surface of the second lens element, the establishment of
the first radius of curvature at the transition point may option-
ally already accurately define the further profile of the back
surface of the second lens element up to the edge. This will be
further explained below. Therefore, by means of establishing
the first radius of curvature, for example in the case of a
spherical back surface of the second lens element, the back
surface of the spectacle lens and therefore a thickness of the
spectacle lens, in particular at an edge of the spectacle lens,
may already be established. With the second radius of curva-
ture of the front surface of the second lens element, or of the
second back surface region of the first lens element, a further
degree of freedom is therefore also available which may be
selected in such a way that the spherical power and the astig-
matic power of the achromatic region at the transition point
correspond to those of the base region at the transition point.
In this way, a profile of the achromatic effect and of the
spherical power of the spectacle lens is continuous across the
transition point. When the eye is turned, or in the event of a
fixation direction of the eye above the transition point, no
discontinuity in the spherical or astigmatic power occurs.
Furthermore, by means of establishing the first radius of
curvature and determining the second radius of curvature, a
profile of the transverse chromatic aberration in the achro-
matic region can be adjusted, when the second back surface
region and/or the back surface of the second lens element are
formed by circular partial cross-sections, a toric surface or a
second-order polynomial.
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The steps of establishing the first radius of curvature and of
the subsequent second determination of the second radius of
curvature, when the second back surface region and/or the
back surface of the second lens element are formed by circu-
lar partial cross-sections, a toric surface or a second-order
polynomial, therefore make it possible on the one hand to
establish the profile of the back surface of the spectacle lens
and the profile of the transverse chromatic aberration over the
achromatic region and then, on the basis of this, to adjust a
spherical and an astigmatic power of the achromatic region in
such a way that no discontinuity in the spherical and astig-
matic powers occurs at the transition point.

In another refinement of the method according to the first
aspect, at least the steps of the first determination of the wedge
edge angle and the kink angle and of the at least one second
determination of the second radius of curvature may be car-
ried out in a multiplicity of different cross-sectional planes,
and for at least one transition point in each cross-sectional
plane of the multiplicity of cross-sectional planes.

It is therefore readily possible to place not only one cross-
sectional plane but a multiplicity of different cross-sectional
planes through the spectacle lens, and to carry out the con-
figuration steps of the method in each cross-sectional plane.
For example, 360 cross-sectional planes inclined by 1 degree
to one another may be placed around the spectacle lens and an
optimization may be carried out in each of the planes. In this
way, optimization of the configuration can be carried out over
the entire circumference of the spectacle lens.

In another refinement of the method according to the first
aspect, the spectacle lens is rotationally symmetrical with
respectto an optical axis of the spectacle lens, and the steps of
the first determination of the wedge edge angle and the kink
angle and of the determination of the second radius of curva-
ture are carried out in only one cross-sectional plane.

In the case that the spectacle lens is formed rotationally
symmetrically with respect to an optical axis of the spectacle
lens, it is to be understood that optimization of the spectacle
lens in only one cross-sectional plane is sufficient in order to
establish the overall design of the spectacle lens, or of the first
lens element and of the at least one second lens element. In
this way, particularly straightforward configuration of the
spectacle lens is provided.

In particular, a refinement of the invention according to the
first aspect may be provided in that the first cross-sectional
plane is a meridian plane of the spectacle lens. If the spectacle
lens has an optical axis, the first cross-sectional plane or the
cross-sectional planes respectively extend in such a way that
they contain the optical axis. In the case of a rotationally
symmetrical spectacle lens, the optical axis furthermore cor-
responds to the axis of the rotational symmetry.

In another refinement of the method according to the first
aspect, the cross-sectional plane may comprise the respective
at least one first transition point, an eye rotation point of the
user and a zero visual point on the back surface of the spec-
tacle lens.

In this way, the position of the cross-sectional plane is
defined for the configuration method independently of a
geometry of the spectacle lens. It furthermore ensures that the
configuration and optimization of the spectacle lens are
respectively carried out starting from the relaxed position of
the eye and the corresponding zero visual line for deflections
of the line of sight starting from this relaxed position.

In another refinement of the method according to the first
aspect, the front surface of the first lens element and/or the
first back surface region of the first lens element may be
spherical.
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Furthermore, in a refinement of the method according to
the first aspect, the front surface of the at least one second lens
element and/or the back surface of the at least one second lens
element may have a constant curvature in the first cross-
sectional plane. If the front surface of the at least one second
lens element has a constant curvature, it follows that the
second back surface region likewise has a constant curvature.

As already mentioned above, the spherical subsurfaces can
be manufactured particularly straightforwardly. By the con-
figuration of both the wedge angle and the kink angle as well
as the second radius of curvature and the first radius of cur-
vature of the achromatic region at the transition point, in the
case of designing the front surface and/or the back surface of
the at least one second lens element with a constant curvature
in the cross-sectional plane, the respective surfaces are estab-
lished in terms of their further profile. A surface or subsurface
which has a constant curvature in the cross-sectional plane
may also be formed for example from circular partial cross-
sections in the cross-sectional plane. The corresponding sur-
face may, for example, be a toric surface.

In another configuration of the method, a centre of curva-
ture of the front surface of the at least one second lens element
and/or of the back surface of the at least one second lens
element in the first cross-sectional plane may in this case lie
outside a symmetry axis of the front surface of the at least one
second lens element or respectively the back surface of the at
least one second lens element.

The centre of curvature of the front surface or the back
surface of the at least one second lens element therefore does
not necessarily rely on an optical axis or a zero visual line. In
this way, the second lens element is optionally bounded by
toric surfaces.

In another configuration of the method according to the
first aspect, the front surface of the at least one second lens
element and/or the back surface of the at least one second lens
element may be aspherical. In this case, the front surface of
the at least one second lens element and/or the back surface of
the at least one second lens element may be rotationally
symmetrical with respect to an optical axis of the spectacle
lens. The front surface of the at least one second lens element
and/or the back surface of the at least one second lens element
may, however, also be rotationally non-symmetrical.

In particular, the front surface of the at least one second
lens element and/or the back surface of the at least one second
lens element may be describable by a second- or higher-order
polynomial. In particular, for example, a third- or fourth-
order polynomial may be provided. A third-order polynomial
may, for example, be configured in the form z(y)=Ay’+By>+
Cy+D, where A, B, C, and D are constants.

In the case of a second-order polynomial, owing to the
constraints established for the transition point in terms of the
wedge edge angle, the kink angle as well as the second radius
of curvature and the first radius of curvature, there are no
longer any degrees of freedom for the configuration of the
corresponding second-order polynomial, so that the profile of
the front surface or of the back surface of the second lens
element, and therefore also the further profile of the back
surface of the spectacle lens in the cross-sectional plane, is
established. In the case of a third- or fourth-order polynomial,
however, there is in turn a degree of freedom in one order,
with which the profile of the back surface of the spectacle lens
or of the back surface of the second lens element and option-
ally also of the front surface of the second lens element can be
influenced. Again, both the profile of the transverse chromatic
aberration over the height of the achromatic region and the
profile of the spherical power, as well as of the astigmatic
power, can be influenced by means of'this additional degree of
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freedom. It is, however, also possible to carry out optimiza-
tion ofthe spectacle lens to the extent that as small as possible
an edge thickness of the spectacle lens is achieved.

In another refinement of the method according to the first
aspect, the wedge edge angle, the kink angle and the second
radius of curvature may be determined approximately in the
determination steps, a step of optimizing the wedge edge
angle, the kink angle and the second radius of curvature
subsequently being carried out by using a ray tracing method.
Furthermore, other parameters of the front surface and of the
back surface of the spectacle lens may of course also be
optimized by means of the ray tracing method. For example,
when the back surface of the second lens element is formed
from a third- or higher order polynomial, the coefficients of
the polynomial may likewise be optimized by means of the
ray tracing method.

Such ray tracing methods are known in principle to the
person skilled in the art. They are described, for example, in
“Robert R. Shannon, The Art and Science of Optical Design,
Cambridge University Press, 1997”.

In this way, it is possible to further optimize the spectacle
lens design initially ascertained at least approximately by
means of the configuration steps described above. In this case,
the optimization step can in particular be carried out much
more rapidly in particular on the basis of the solutions initially
found at least approximately. Furthermore, it is possible to
save on resources of a data-processing device used for this.

In one refinement of the method according to the first
aspect, the ascertainment of the at least one transition point
may be carried out on the basis of a predetermined transverse
chromatic aberration limit value of a chromatic aberration for
the user, the transverse chromatic aberration for the user at the
at least one first transition point being less than or equal to the
transverse chromatic aberration limit value. In particular, the
transverse chromatic aberration at the at least one first tran-
sition point may be equal to the transverse chromatic aberra-
tion limit value.

For example, the transverse chromatic aberration limit
value may be established at 0.25 cm/m. The transition point in
the cross section is then to be positioned in such a way that the
transverse chromatic aberration limit value for the user is not
exceeded in it. In order to keep the volume of the at least one
second lens element as small as possible, the transition point
is generally placed precisely at a point in which the transverse
chromatic aberration limit value is exactly reached. It may
however be advantageous under certain circumstances, for
instance when the transition line between the base region and
the at least one achromatic region, which is determined by the
sum of the transition points, is intended to be configured as
simply as possible, for instance in the form of a semicircle, to
place the transition point in particular cross sections in a point
in which the transverse chromatic aberration is less than the
transverse chromatic aberration limit value.

In another refinement of the method according to the first
aspect, the at least one first transition point is established by
ascertaining a distribution of a transverse chromatic aberra-
tion for the user on the back surface of the first lens element,
and the at least one first transition point is set at a point on the
back surface of the first lens element at which the transverse
chromatic aberration is less than or equal to a predetermined
transverse chromatic aberration limit value.

In particular, in this way it is possible first to establish the
basic design of the first lens element and to ascertain therefor
the profile of the transverse chromatic aberration for the user
or for the principal rays coming from the eye rotation point of
the user at pass points of these principal rays through the back
surface of the first lens element, and then to set, on the back

20

30

40

45

18

surface, corresponding transition points at which the trans-
verse chromatic aberration is less than or equal to, in particu-
lar equal to, a predetermined transverse chromatic aberration
limit value. From the sum or by interpolation of the transition
points, transition lines are then obtained which delimit the
base region from the achromatic region. The achromatic
region need not necessarily be a continuous surface in this
case and it may also be formed from subsurfaces not con-
nected to one another. In order to keep the profile of the
transition lines, or boundary lines, between the base region
and the achromatic region geometrically simple, certain tran-
sition points may therefore also be set at points on the back
surface of'the first lens element at which the transverse chro-
matic aberration is less than the transverse chromatic aberra-
tion limit value.

In this way, on the basic design of a first lens element, the
first back surface region is obtained which forms the base
region and, in the base region, the back surface of the spec-
tacle lens. The front and back surfaces of the second lens
element, or the interfaces of the achromatic region and, on the
basis of the front surface of the second lens element, the
correspondingly complementary configuration of the second
back surface region of the first lens element, are then to be
determined.

In another refinement of the method according to the first
aspect, the calculation wavelength may be 546.074 nm and
the Abbe number may be determined according to the equa-
tion

ne—1
14

g —ner”

whereV is the Abbe number, n,, is the refractive index of the
respective material at the calculation wavelength, n.. is the
refractive index of the respective material at a wavelength of
479.9914 nm and n.. is the refractive index of the respective
material at a wavelength of 643.8469 nm.

This calculation of the Abbe number corresponds to the
more recent convention for determining the Abbe number,
which specifies the e-line as a reference wavelength. In prin-
ciple, of course, a reference wavelength other than the a-line
may also be selected. What is important is only that the all the
calculations are carried out with respect to the same reference
wavelength and that the first material and the second material
have different Abbe numbers at the same reference wave-
length.

In one refinement of the method according to the first
aspect, an optical axis or a zero visual line of the user may
extend through the base region.

In this configuration case, the base region is arranged
approximately at the centre, or geometrical centre, of the
spectacle lens and extends around it. The smallest vision
angles occur in this region, and the chromatic aberrations, i.e.
including the transverse chromatic aberration, are conse-
quently also at the least in this region.

In another refinement, the achromatic region may extend in
the first cross-sectional plane from the at least one first tran-
sition point to an edge of the spectacle lens.

As mentioned above, a “spectaclelens” is intended to mean
both the uncut spectacle lens, or the semifinished product, and
the edged spectacle lens. Consequently, the “edge” may be
either the edge of the uncut spectacle lens or the edge of the
cut, edged spectacle lens.

In general, the chromatic aberrations, and in particular also
the trans-verse chromatic aberration, increase with an
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increasing vision angle, i.e. in the periphery of the spectacle
lens. An extent of the achromatic region starting from the
transition point as far as the edge is therefore recommendable
in order to achieve an at least partial achromatic effect in this
region of the spectacle lens.

In one refinement of the production method according to
the second aspect of the invention, the connecting step may be
carried out by cementing the first lens element and the at least
one second lens element.

During the cementing, neighbouring surfaces, in the
present case the second back surface region of the first lens
element and the front surface of the second lens element, are
bonded together by means of a thin transparent cement layer.
For example, a synthetic resin may be used for this. Further-
more, in principle it is possible for the first lens element and
the at least one second lens element to be connected by
contact bonding. This type of manufacture is also referred to
as molecular adhesion. In this case, the surfaces of the first
and second lens elements are connected to one another by
molecular attraction forces. These manufacturing techniques
are known in principle to the person skilled in the art.

According to one refinement of the spectacle lens accord-
ing to the fourth aspect of the invention, the spectacle lens
may have two transition points in the first cross-sectional
plane, the respective first tangent and the respective second
tangent intersecting one another at each of the two transition
points.

In principle, the achromatic region need not extend sur-
face-wide on the back surface of the spectacle lens. It may be
sufficient to set the achromatic region only in a particular
angle range. In principle, therefore, only one transition point
may be provided in the cross-sectional plane. Naturally, how-
ever, the achromatic region may also be provided surface-
wide, for instance if the spectacle lens is formed rotationally
symmetrically. In that case, the spectacle lens respectively
has two transition points in the first cross-sectional plane, or
in each of the cross-sectional planes. At each of the transition
points in the respective cross-sectional plane, the tangent of
the base region, i.e. the first tangent, at the respective transi-
tion point and the tangent of the achromatic region, i.e. the
second tangent, at the respective transition point intersect one
another.

In another refinement of the invention, the first tangent and
the second tangent may intersect one another at at least one
first transition point in an axial position range of at least 160°.

As already mentioned in the introduction, an “axial posi-
tion range” is intended to mean a position of the first cross-
sectional plane and of the further cross-sectional planes with
respect to an angle relative to the plane of the spectacle lens
conventionally denoted as the Y-Z plane. The degree infor-
mation may therefore be interpreted in a similar way to the
degree information according to the TABO scheme known to
the person skilled in the art. For example, the at least one first
transition point may therefore be provided only with an axial
position range of 165° in a lower half of the spectacle lens.
Correspondingly, the second lens element is then for example
also arranged only in this lower half of the spectacle lens. As
an alternative, if the achromatic region extends from the tran-
sition point to an edge of the spectacle lens, it is also possible
for example to formulate that the achromatic region extends
over a range of at least 120° of the edge of the spectacle lens,
or of the edge region.

In another refinement of the spectacle lens according to the
fourth aspect of the invention, the respective first tangent of
the first back surface region and the respective second tangent
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of'the back surface of the at least one second lens element may
intersect one another in each cross-sectional plane of the
spectacle lens.

Correspondingly, in this case the achromatic region
extends fully, i.e. over 360° of the edge of the spectacle lens.

In this case, a low transverse chromatic aberration value is
provided without power discontinuities at the transition from
the base region to the achromatic region over the entire cir-
cumference of the spectacle lens.

In another refinement of the spectacle lens according to the
fourth aspect of the invention, the first lens element may be
arranged in the base region and in the achromatic region, a
front surface of the spectacle lens being formed by a front
surface of the first lens element, a second back surface region
of'the first lens element and a front surface of the at least one
second lens element being contiguous in the achromatic
region, and the front surface and the back surface of the at
least one second lens element converging on the at least one
first transition point in the at least one first cross-sectional
plane and forming a wedge edge angle between them.

In this way, a compact structure of the spectacle lens is
provided. The contiguous front surface of the second lens
element and second back surface in the region of the first lens
element avoid an air gap and allow manufacture of the spec-
tacle lens for example by means of cementing or contact
bonding.

In one refinement of the spectacle lens according to the
fourth aspect of the invention, the front surface of the first lens
element and/or the first back surface region of the first lens
element may be spherical.

In another refinement of the spectacle lens according to the
fourth aspect of the invention, the front surface of the at least
one second lens element and/or the back surface of the at least
one second lens element may have a constant curvature in the
first cross-sectional plane.

As already explained above for the method according to the
first aspect, designing the surfaces of the at least one second
lens element with a constant curvature has the advantage that
they can be manufactured with relatively simple means.

In another refinement of the spectacle lens according to the
fourth aspect, a centre of curvature of the front surface of the
at least one second lens element and/or of the back surface of
the at least one second lens element in the at least one first
cross-sectional plane may lie outside a symmetry axis of the
front surface of the at least one second lens element or respec-
tively of the back surface of the at least one second lens
element.

This configuration of the spectacle lens allows free selec-
tion of the kink angle at a transition point between the back
surface of the second lens element and the first back surface
region of the first lens element, in which case a shape with
constant curvature may be retained for the back surface of the
second lens element. Overall, owing to the position of the
centre of curvature outside the symmetry axis, there is then a
toric surface for the front or back surface of the second lens
element, respectively.

In one refinement of the spectacle lens according to the
fourth aspect of the invention, the front surface of the at least
one second lens element and/or the back surface of the at least
one second lens element may be aspherical, i.e. not spherical.

In particular, the front surface of the at least one second
lens element and/or the back surface of the at least one second
lens element may be formed by a second- or higher-order
polynomial, in particular by a third- or fourth-order polyno-
mial, in the cross-sectional plane. In particular, the aspherical
front surface of the at least one second lens element and/or the
aspherical back surface of the at least one second lens element
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may be rotationally symmetrical with respect to an optical
axis of the spectacle lens, or rotationally non-symmetrical.

As already mentioned above, in particular formation by
means of a third-or higher-order polynomial permits at least
one further degree of freedom despite the specification of the
kink angle, of the wedge edge angle, of the second radius of
curvature and of the first radius of curvature, so that for
example the edge thickness of the spectacle lens can be mini-
mized.

In another refinement of the spectacle lens according to the
fourth aspect, the spectacle lens may be rotationally sym-
metrical with respect to an optical axis.

In this case, a particularly simple geometrical structure of
the spectacle lens is obtained. Particularly in the case of a
correction to be carried out by a monofocal lens, this simple
structure may be sufficient in order to provide a required
prescription effect for a user.

In another refinement of the spectacle lens according to the
fourth aspect, the first cross-sectional plane or each cross-
sectional plane may be a meridian plane of the spectacle lens.

If the spectacle lens has an optical axis, the first cross-
sectional plane or each cross-sectional plane may therefore be
a meridian plane. The position of the kink on the back side of
the spectacle lens is for relatively large vision angles starting
from a relaxed position of the eye of an intended user, so that
in particular the vision can be improved in a peripheral edge
region of the spectacle lens.

In another refinement of the spectacle lens according to the
fourth aspect of the invention, the cross-sectional plane or
each cross-sectional plane may contain a geometrical centre
axis of the spectacle lens.

The “geometrical centre axis” in this case extends through
a geometrical centre for the boxing system of the uncut or
edged spectacle lens. Often, the geometrical centre in the
uncut spectacle lens will be sufficient. In the case of rotation-
ally non-symmetrical shapes of the intended frame or of the
edged spectacle lens, however, the previous configuration and
therefore in the end the structural shaping of the spectacle lens
may be oriented on a geometrical centre of the edged spec-
tacle lens.

The geometrical centre axis then extends through the geo-
metrical centre parallel to a main fixation direction through
the spectacle lens. The main fixation direction is in particular
parallel to a symmetry axis of the front surface of the first lens
element, if the front surface of the first lens element is formed
rotationally symmetrically.

In another configuration of the spectacle lens according to
the fourth aspect, the first cross-sectional plane or each cross-
sectional plane may extend through the spectacle lens in such
a way that it divides the spectacle lens in a normal plane
perpendicular thereto into two equally large areas.

Under certain circumstances, owing to the geometrical
configuration of the front surface and/or of the back surface of
the spectacle lens, or of the first lens element and of the
second lens element, a position of the geometrical centre may
be difficult to ascertain, or there may be no optical axis. To this
extent, a possible main fixation line, starting from which a
design of the spectacle lens is suitable for avoiding chromatic
aberrations in a peripheral field of view, may likewise be
difficult to ascertain. The cross-sectional planes may then be
arranged by dividing the spectacle lens, i.e. the uncut or edged
spectacle lens, in a normal plane which extends perpendicu-
larly to the cross-sectional plane, into two equally large areas.
The normal plane is therefore the X-Y plane of the spectacle
lens, in which the box frame of the spectacle lens is also
specified.
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In another configuration, spectacles having a frame and a
first and a second spectacle lens may be provided, the first
and/or the second spectacle lens being a spectacle lens
according to the fourth aspect of the invention or one of its
configurations, the cross-sectional plane or each cross-sec-
tional plane of the respective spectacle lens containing a
geometrical centre of the respective spectacle lens and
extending as a normal to a plane of the spectacle plane of the
spectacles, the plane of the spectacle plane containing the
vertical centrelines of the box of the first and second spectacle
lenses.

In this way, the cross-sectional plane may also be defined
with the aid of the finished spectacles.

In another configuration of the spectacle lens according to
the fourth aspect, the front surface of the lens element may be
formed convexly and the first back surface region of the first
lens element may be formed concavely.

In the context of the present application, the terms “con-
vex” and “concave” are given in the context of the conven-
tional usage of these terms, namely when externally viewing
the corresponding surface of the spectacle lens. If the surface
curves away from the observer for an external view of the
spectacle lens, the surface is consequently convex. If the
surface curves towards the observer, it is consequently con-
cave.

Such formation of the first lens element as a so-called
meniscus allows a possibility for correction according to a
required prescription effect and, at the same time, straightfor-
ward manufacture.

In another configuration of the spectacle lens according to
the fourth aspect, the second back surface region of the first
lens element may be formed convexly, a front surface of the at
least one second lens element being formed concavely and a
back surface of the at least one second lens element being
formed concavely.

In this way, a particularly straightforward possibility for
manufacture of the spectacle lens can be provided. In particu-
lar, in the case of a negative kink angle, the possibility is
provided that the first lens element and the second lens ele-
ment may be connected together first. Only then is the back
surface of the second lens element optionally to be ground.

Furthermore, a refinement of the spectacle lens according
to the fourth aspect may be provided in that the second back
surface region of the first lens element is formed concavely, a
front surface of the at least one second lens element being
formed convexly and a back surface of the at least one second
lens element being formed concavely.

In this case as well, particularly in the case of a negative
kink angle at the transition point in the cross-sectional plane,
particularly straightforward manufacture of the spectacle lens
can be carried out. In particular, here again the back surface of
the second lens element may possibly not be processed until
the first lens element and the second lens element have
already been connected together.

As already mentioned above, in one refinement of the
spectacle lens according to the fourth aspect of the invention
the front surface of the at least one second lens element and
the second back surface region of the first lens element may
be cemented together.

As an alternative, for example, the first lens element and the
second lens element may be contact-bonded to one another.

In one refinement of the spectacle lens, an optical axis of
the spectacle lens or a geometrical centre axis of the spectacle
lens may extend through the base region.

This ensures that the achromatic region extends in a periph-
eral region of the spectacle lens, in which the chromatic
aberrations are in principle greater.
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Furthermore, a refinement of the spectacle lens according
to the fourth aspect may be provided in that the achromatic
region extends in the first cross-sectional plane from the at
least one first transition point to an edge of the spectacle lens.

In this way, it is possible to ensure that an at least partial
achromatic effect of the achromatic region in the periphery of
the spectacle lens extends as far as the edge of the spectacle
lens and the transverse chromatic aberration is therefore
reduced at the possible outer edge of a peripheral field of view
of a user of the spectacle lens.

It is to be understood that the features mentioned above and
those yet to be explained below may be used not only in the
combination respectively indicated, but also in other combi-
nations or separately, without departing from the scope of the
present invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

Embodiments of the invention are represented in the draw-
ing and will be explained in more detail in the description
below.

FIG. 1 shows a plan view onto the front surface of an
embodiment of a spectacle lens,

FIG. 2 shows an embodiment of a cross section of the
spectacle lens in FIG. 1 along a section line II-11,

FIG. 3 shows another possible embodiment of a cross-
sectional view of the spectacle lens in FIG. 1 along a section
line II-I1T in FIG. 1,

FIG. 4 shows yet another possible embodiment of a cross
section of the spectacle lens in FIG. 1 along a section line
IV-IVin FIG. 1,

FIG. 5 shows another embodiment of a spectacle lens with
a view onto the front surface; the cross-sectional views rep-
resented in FIGS. 2, 3 and 4 may also be employed in this
spectacle lens,

FIG. 6 shows yet another embodiment of a spectacle lens in
aview onto the front surface; for example, the cross section in
FIG. 4 may be a cross section of this spectacle lens,

FIG. 7 shows yet another embodiment of a spectacle lens;
for example, the cross section in FIG. 4 may show one or more
cross sections of this exemplary embodiment,

FIG. 8 shows a schematic representation of a spectacle
lens, which is already edged, an axial position range being
represented,

FIG. 9 shows a detail view IX in FIGS. 2, 3 and 4,

FIG. 10 shows a schematic flow chart of an embodiment of
a method for designing a spectacle lens and of a method for
producing a spectacle lens,

FIGS. 11a to 11f'show a comparative example of a spec-
tacle lens formed merely by a first lens element and represen-
tations of'the profiles of the relevant sizes and effects over the
height of the spectacle lens,

FIGS. 12a to 12f show an exemplary embodiment of a
spectacle lens formed according to the invention, in which the
front and back surfaces of the second lens element have a
constant curvature in the cross-sectional plane, as well as the
associated relevant sizes and effects in the profile over the
height of the spectacle lens,

FIGS. 13a to 13f'show another embodiment of a spectacle
lens according to the invention, the front and back surfaces of
the second lens element being formed by means of a third-
order polynomial, as well as the associated sizes and effects in
their profile over the height of this spectacle lens, and
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FIGS. 14a and 146 show a front view and a plan view of an
embodiment of spectacles having at least one spectacle lens
configured according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a plan view of an embodiment of a spectacle
lens 10. In a conventional coordinate system, this plan view
lies in the X-Y plane and the Z axis extends in the direction of
a user of the spectacle lens, i.e. into the image plane in the
view represented in FIG. 1.

The plan view is made at least onto a front surface 14 of the
spectacle lens. The front surface 14 of the spectacle lens is
formed by the front surface of a first lens element 18. A
dashed line schematically indicates that a back surface (on the
far side of the spectacle lens in FIG. 1) has a base region 20
and an achromatic region 22. In the exemplary embodiment
represented, the spectacle lens 10 is formed rotationally sym-
metrically so that the achromatic region 22 extends fully
along the periphery of the spectacle lens 10 around the base
region 20. The achromatic region 22 is the region in which the
back surface of the spectacle lens is arranged by a second lens
element 24 (therefore, in the representation in FIG. 1, merely
on the far side of the spectacle lens).

A cross section 25 through the spectacle lens is indicated
by means of a dashed line. This sectional representation is
explained in FIG. 2.

FIG. 2 shows a representation of the cross section along a
section line II-1I of the spectacle lens in FIG. 1. In this rep-
resentation, it is clear that the spectacle lens 10 comprises the
first lens element 18 and the second lens element 24. The
spectacle lens 10 has a back surface 26. The first lens element
18 has a back surface 28. The back surface 28 of the first lens
element 18 in turn has a first back surface region 30 and a
second back surface region 32.

The first back surface region 30 forms a part of the back
surface 26 of the spectacle lens 10. This region is the base
region 20.

Furthermore, the second lens element 24 is provided. The
second lens element 24 has a front surface 34 of the second
lens element 24 and a back surface 36 of the second lens
element 24. The front surface 34 of the second lens element
adjoins the second back surface region 32 of the first lens
element 18. This is intended to mean that no air gap is formed
between the surfaces. The surfaces may, for example, be
cemented together or contact-bonded together.

The back surface 36 of the second lens element 24 forms a
further part of the back surface 26 of the spectacle lens 10.
This further region is the achromatic region 22. In other
words, the base region 20 is therefore defined by the first back
surface region 30. The achromatic region 22 is defined by the
back surface 36 of the second optical element 24.

In the cross-sectional view represented in FIG. 2, the spec-
tacle lens 10 has an optical axis 38. A light ray passing
through the spectacle lens 10 along the optical axis 38 is not
deviated. The spectacle lens 10 represented in FIGS. 1 and 2
is furthermore rotationally symmetrical with respect to the
optical axis 38. The cross section is a meridian section
through the spectacle lens 10. This, however, is not compul-
sory. The spectacle lens 10 need not be rotationally symmetri-
cal with respect to the optical axis 38. Furthermore, embodi-
ments of the spectacle lens 10 may not actually have an
optical axis 38.

The first back surface region 30 and the back surface of the
second element 24 merge into one another at a transition point
40 on the back surface 26 of the spectacle lens 10. In particu-
lar, the transition point has been established in such a way that



US 9,176,329 B2

25

a transverse chromatic aberration for a user of the spectacle
lens 10 reaches a transverse chromatic aberration limit value
which has been defined as perturbing for the user. Conse-
quently, the achromatic region 22 with the second lens ele-
ment 24 follows on from the transition point 40 in the direc-
tion of an edge 12 of the spectacle lens 10. The second lens
element 24 comprises a second material, the Abbe number of
which differs from a first material of the first lens element 18.
In this way, the first lens element 18 and the second lens
element 24 can interact achromatically. The cross section
represented in FIG. 2 has two transition points 40 owing to the
symmetry of the spectacle lens 10. This, however, is not
compulsory in principle. There may also be only one transi-
tion point 40 in the cross section 25.

The partial view of a vicinity of a transition point 40 is
represented in FIG. 9 and will be explained in more detail
below.

FIG. 3 represents another possible cross section 25 of the
spectacle lens 10. Identical elements are denoted by the same
references and will therefore not be explained again below.
Only the differences will be discussed below.

The exemplary embodiment represented in FIG. 3 differs
from the exemplary embodiment represented in FIG. 2 in
terms of the configuration of the front surface 34 and of the
back surface 36 of the second lens element 24. In the embodi-
ment in FIG. 2, the front surface 34 is formed concavely and
the back surface 36 is likewise formed concavely. Conversely,
however, in FIG. 3 the front surface 34 of the second lens
element 24 is formed convexly and the back surface 36 of the
second lens element 24 is formed concavely. Correspond-
ingly complementarily, the second back surface region 32 is
formed concavely. For the cross section in FIG. 3, the spec-
tacle lens 10 is thus formed overall as a meniscus and the
second lens element 24 is also formed as a meniscus. The
cross section represented in FI1G. 3 likewise has two transition
points 40. A vicinity of the transition points 40 is likewise
represented schematically in FIG. 9.

FIG. 4 schematically represents another possible embodi-
ment of the cross section 25 of the spectacle lens 10. The
identical elements are in turn denoted by the same references
and will not be described again. Only the differences will be
discussed below.

In principle, itis not absolutely necessary for the spectacle
lens 10 to be configured rotationally symmetrically. It may
therefore be the case that the spectacle lens 10 has only one
transition point 40 in a cross section. The configuration of a
second half of the cross section 25, indicated with a dashed
line in FIG. 4, is therefore in principle arbitrary. It may be the
case that in the lower part of the cross section, indicated
merely by dashes, the base region 20 is fully continued, and
therefore a second lens element 24 is not provided in this part
of the cross section.

FIG. 5 represents another embodiment of a spectacle lens
10. The cross section may in principle be formed according to
one of the embodiments in FIGS. 2 to 4. The view in FIG. 5 is
likewise made onto the front surface of the spectacle lens 10.
Identical elements are denoted by the same references and
will not be described again. Only the differences will be
discussed below.

Ascanbeseen in FIG. 5, the spectacle lens 10 is not formed
rotationally symmetrically in this embodiment. The achro-
matic region is formed merely in an upper and a lower part of
the spectacle lens 10, i.e. it reacts for turning of the fixation
direction during use of the spectacle lens 10 in the vertical
direction. It is therefore not absolutely necessary for the ach-
romatic region 22 to be a continuous part of the back surface
26 of the spectacle lens. The achromatic region 22 may also
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be formed from a plurality of subregions, as in FIG. 5 from
two subregions. In this embodiment as well, two transition
points 40 are provided in the cross-sectional plane 25.

Under certain circumstances, it may be the case that the
spectacle lens 10, for instance the spectacle lens 10 repre-
sented in FI1G. 5, does not have an optical axis 38. A geometri-
cal centre axis can thus be defined for the position of the
cross-sectional plane 25. The geometrical centre axis extends
through the geometrical centre of the uncut spectacle lens. In
FIG. 5, the spectacle lens 10 is represented uncut, i.e. still
circular. The geometrical centre then lies at the circle centre.
In principle, however, the geometrical centre may also be
established with the aid of the edged spectacle lens 10. The
geometrical centre axis 42 then extends parallel to an
intended main fixation direction through the spectacle lens 10
through the geometrical centre. The cross-sectional plane 25
then contains the geometrical centre axis 42.

As an alternative definition, the cross-sectional plane 25 in
the plan view onto the spectacle lens as represented in FIG. 5
may be established as dividing a surface in a normal plane
which is perpendicular to the cross-sectional plane 25 into
two equally large surface components. For example, in FIG.
5 a first surface component is denoted by 44 and a second
surface component is denoted by 46. In the case of an uncut
circular spectacle lens blank, the cross-sectional plane 25
therefore extends in such a way that it intersects the entire
diameter of such an uncut semifinished spectacle lens prod-
uct.

How to define the position of a cross-sectional plane 25
therefore depends on the properties of the spectacle lens. In
the simplest case, the spectacle lens 10 is rotationally sym-
metrical, so that the cross-sectional plane 25 is a meridian
plane of the spectacle lens 10, which contains the optical axis
38. In the case of a rotationally non-symmetrical spectacle
lens 10, the simplest definition for the uncut spectacle lens 10
is one in which the cross-sectional plane 25 extends through
the geometrical centre axis 42 and contains the latter, or it
divides a surface of the spectacle lens 10 in a normal plane
perpendicular to the cross-sectional plane 25 into two equally
large surface components 44, 46.

Ifthe position of the cross-sectional plane is intended to be
established for the edged spectacle lens, or if there is decen-
tration, then a cross-sectional plane may contain a main fixa-
tion direction coming from an eye rotation point through the
spectacle lens, as will be explained in more detail below.

FIG. 6 represents yet another possible embodiment of the
spectacle lens 10. In this embodiment, the cross section 25
may for example be formed as represented in FIG. 4. In the
embodiment represented, the achromatic region 22 does not
extend fully over the entire edge 12 of the spectacle lens 10.
Such a spectacle lens 10 therefore has cross-sectional planes
25 which have only one transition point 40.

FIG. 7 represents yet another possible embodiment of a
spectacle lens 10. In this case, the achromatic region 22 is
provided only in a lower region of the spectacle lens 10. The
remaining part of the spectacle lens 10 is the base region 20.

A cross-sectional plane 25 may then in turn have only one
transition point 40. Of course, other cross-sectional planes 47
which likewise have at least one transition point 40 may
furthermore be placed through the spectacle lens. For
example, the cross-sectional plane 25 may then be formed as
represented in the cross-sectional view in FIG. 4.

FIG. 8 represents an edged spectacle lens 10. The edged
spectacle lens 10 in FIG. 8, formed from an essentially cir-
cular semifinished spectacle lens product or uncut spectacle
lens, then has an essentially rectangular shape with rounded
edges.
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The representation in FIG. 8 will explain how the terms
“axial position angle” or “axial position range” are to be
interpreted in the context of the application. In a box frame of
the spectacle lens 10 in FIG. 8, a geometrical centre of the
spectacle lens 10 can be found. For an intended main fixation
direction through the spectacle lens 10, the geometrical centre
axis 42 then extends through the spectacle lens 10. Possible
cross-sectional planes 25, 47 then contain this geometrical
centre axis 42. Starting from the geometrical centre as the
origin, in a similar way to the so-called TABO scheme for
determining the base position of a prismatic power, a plurality
of axes 48 can then be defined and a corresponding axial
position angle 50 can be specified. A so-called “axial position
range” is then a range of axial position angles 50. An example
of an axial position range 52 is denoted by an arrow and
comprises an extent of about 170°. In this way, itis possible to
describe an extent of the achromatic region over the circum-
ference of the spectacle lens. In particular, the achromatic
range may therefore extend over an axial position range of at
least 160°, in particular at least 170°, in particular at least
180°. In the axial position range 52, the cross-sectional planes
25, 47 in this case have at least one transition point 40.

FIG. 9 represents a detail view IX in FIGS. 2, 3 and 4.

Identical elements are in turn denoted by the same refer-
ences and will not be described again.

At the transition point 40, the first back surface region 30,
the front surface 34 of the second lens element 24 and the back
surface 36 of the second lens element 24 are contiguous. The
first back surface region 30 has a tangent 54 at the transition
point 40, i.e. infinitesimally closely approximated to the tran-
sition point 40, in the cross-sectional plane 25. The back
surface 36 of the second lens element 24 has a tangent 56 at
the transition point 40. The tangent 54 and the tangent 56
intersect one another and therefore include a kink angle 58.
The back surface 26 of the spectacle lens 10 therefore has a
kink at the transition point 40. The back surface 26 of the
spectacle lens 10 is therefore not continuously differentiable
at the transition point 40. The first derivative of the surface
function has a discontinuity at this position. A positive kink
angle 58 means that the back surface 36 of the second lens
element 24 kinks in the direction of an intended user of the
spectacle lens 10. Correspondingly, the effect of a negative
kink angle 58 is that the back surface 36 of the second lens
element 24 kinks away relative to the first back surface region
30 from an intended user of the spectacle lens 10. In the
cross-sectional plane 25 or—in the example represented—in
the Y-Z plane, an angle from the tangent 54 of the first back
surface region 30 onto the tangent 56 of the back surface 36 of
the second lens element 24 is therefore positive.

A tangent of the front surface 34 of the second lens element
24 at the transition point 40 in the cross-sectional plane 25 is
denoted by areference 60. An angle between the tangent 56 of
the back surface 36 at the transition point 40 and the tangent
60 of the front surface 34 at the transition point 40 is denoted
by a reference 62, and is the so-called wedge edge angle 62.
This refers to the prism wedge of the second lens element 24
at the transition point 40. A first radius of curvature 64 of the
back surface 36 of the second lens element 24 at the transition
point 40 is denoted by a reference 64. The corresponding
centre of curvature of the first radius of curvature 64 is sche-
matically denoted by a reference 74.

A second radius of curvature 66 of the front surface 34 of
the second lens element 24 at the transition point 40 is
denoted by a reference 66. The corresponding centre of cur-
vature of the second radius of curvature 66 is schematically
denoted by the reference 73. A fourth radius of curvature 68 of
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the back surface 28 of the first lens element 18 at the transition
point 40 is denoted by the reference 68.

Furthermore, a third radius of curvature, or a first radius 70
of the front surface 16 of the first lens element 18, is denoted
schematically.

FIG. 10 represents a schematic flow chart of a method 100
for designing the spectacle lens 10.

The method begins with a start step 102. Initially, first
establishment of a first material of the first lens element 18
and of a second material of the second lens element 24 is
carried out in a step 104. In particular, the materials are to be
selected in such a way that the Abbe numbers of the first lens
element and of the second lens element are different from one
another, so that they can interact at least partially achromati-
cally.

In an ascertainment step, the at least one transition point 40
between the base region 20 and the achromatic region 22 on
the back surface 26 of the spectacle lens 10 is ascertained in
a first cross section 25 of the spectacle lens. In this case, in
particular, the at least one first transition point 40 may be
ascertained in such a way that a transverse chromatic aberra-
tion for the user of the spectacle lens 10 at the transition of at
least one first transition point 40 is less than a predefined
transverse chromatic aberration limit value or equal to a pre-
defined transverse chromatic aberration limit value.

Once the at least one first transition point 40 has thereby
been established in the cross-sectional plane 25, a first deter-
mination step 108 is carried out. It is to be understood that, in
the case of a rotationally symmetrical spectacle lens 10, there
are two transition points 40 in each of the cross-sectional
planes 25. In the first determination step 108, the wedge edge
angle 62 is determined and the kink angle 58 is determined.
The wedge edge angle and the kink angle are determined in
such a way that a prismatic power for the user of the spectacle
lens in the base region 20 at the transition point 40 and in the
achromatic region 22 at the transition point 40 correspond to
one another. There is therefore no discontinuity in the pris-
matic power at the transition point 40. Furthermore, by the
two degrees of freedom of the wedge edge angle and the kink
angle, it is possible to establish the discontinuity by which the
transverse chromatic aberration changes at the transition
point 40.

In a second establishment step 110, the first radius of
curvature 64 on the back surface 36 of the at least one second
lens element 24 in the cross-sectional plane 25 at the transi-
tion point 40 is established.

On the basis of this, in a second determination step 112, the
second radius of curvature 66 of the front surface 34 of the at
least one second lens element 24 in the cross-sectional plane
25 is determined. In this case, the second radius of curvature
66 is determined in such a way that a spherical power and an
astigmatic power of the spectacle lens in the base region at the
transition point 40 and a spherical power and an astigmatic
power of the spectacle lens 10 in the achromatic region 22 at
the transition point 40 correspond to one another. No discon-
tinuity therefore takes place in the spherical power or the
astigmatic power for a user at the transition point 40.

Following the step 112, the steps 106, 108, 110 and 112
may in principle be repeated for a further cross-sectional
plane 47. In this way, the spectacle lens 10 can be configured
for a multiplicity of cross-sectional planes 25, 47. For
example, a plurality of cross-sectional planes respectively
mutually inclined at a particular angle may be provided, so as
to configure the spectacle lens fully. In this case, it is not
compulsory for the steps 106, 108, 110 and 112 to be carried
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out successively for each cross section, and the configuration
and/or optimization may also be carried out in parallel for all
cross-sectional planes.

The configuration method 100 then ends at a stop step 114
along a branch 116.

The design of the spectacle lens 10, or of the first lens
element 18 and of the second lens element 24, is now com-
plete. The profiles of the respective front and back surfaces
have been ascertained, so that the first lens element 18, the
second lens element 24 and therefore the entire spectacle lens
10 can be manufactured. To this extent, a method 122 for
producing a spectacle lens 10 comprises the method 100 for
designing the spectacle lens 10.

In an optional step 118, the step 112 may be followed by a
step 118 of optimizing the configured spectacle lens by means
of a ray tracing method. The method 100 then subsequently
ends at the step 118 at the stop step 114 along the branch 120.

Following the second determination step 112 or the opti-
mization step 118, the design of the first lens element 18 and
of the second lens element 24 is then established. In a step
124, the first lens element may therefore be manufactured.

In astep 126, the second lens element is manufactured. The
steps 124 and 126 may of course also be carried out in parallel
or arranged in another way. Finally, in a step 128, the manu-
factured first lens element and the manufactured second lens
element are then provided. In the step 128, the first lens
element 18 and the second lens element 24 are connected
together. In particular, the lens elements 18, 24 may be
cemented together or contact-bonded.

The production method 122 then likewise ends at the stop
step 114.

In FIGS. 11a to 11f, a comparative example is given for a
conventional spectacle lens, which is formed only from a
single first lens element 18.

FIG. 11arepresents a cross section of such a spectacle lens.
Such a spectacle lens consisting only of the first lens element
18 may form a basic design 79, on which a search is first made
for the transition points 40, in which a pair of transverse
aberrations for a user 80, whose eye is schematically indi-
cated by dashed lines as a circle in FIG. 114, are studied. The
user 80 has user data, which inter alia indicate the position of
the eye rotation point 82. A study of the profile of a transverse
chromatic aberration on the back surface 28 of the first lens
element 18 is carried out in the scope of the extent by deter-
mination of principal rays 86, coming from the eye rotation
point 82, of the eye of the user 80 and the profile through the
first lens element 18. The various principal rays 86 then reflect
different rotation angles or fixation directions 84 of the user.
A relaxed position of the eye of the user 80 has a zero visual
line 89 as principal ray 86. The zero visual line 89 intersects
the back surface 28 of the first lens element 18 at a zero visual
point 88.

For the comparative example represented in FIGS. 11a to
11/, the distance from the eye rotation point 82 to the back
surface 28 of the first element 18 along the zero visual line 89
is 24 mm. The front surface 16 of the first lens element 18 is
spherical and has a radius of 807 mm. The back surface 28 is
likewise spherical and has a radius of 73.364 mm. The first
lens element 18 is formed from a material having a refractive
index of 1.807 and an Abbe number of 34.4. A principal ray
86, which intersects the back surface 28 at a height Y=8 mm,
will then reach a transverse chromatic aberration of 0.25
cm/m predefined as perturbing.

The profile of the astigmatic deviation of the comparative
example represented in FIG. 11a is plotted in FIG. 115. A
profile of the transverse chromatic aberration as a function of
the height of the pass point of a principal ray 86 coming from
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the eye rotation point 82 on the back side 28 of the first lens
element 18 is plotted in FIG. 11¢. As can be seen, for a height
of 8 mm on the back side 28, the transverse chromatic aber-
ration is 0.25 cm per m. If this is the transverse chromatic
aberration limit value predefined as perturbing and it is estab-
lished that the transition point 40 lies in the cross-sectional
plane where the transverse chromatic aberration for the user
80 corresponds to the transverse chromatic aberration limit
value, then a height of 8 mm on the back side 28 is corre-
spondingly marked as the transition point 40. The achromatic
region 22 is therefore to be addressed between the transition
point 40 and the edge 12 of the spectacle lens, in order to
reduce the transverse chromatic aberration.

An overall prismatic power in the cross-sectional plane, i.e.
the ray deviation occurring overall, is plotted in FIG. 11d as a
function of the height of the pass point of the principal ray 86
on the back side 28 of the spectacle lens.

In FIG. 11e, a corresponding profile of the spherical devia-
tion is plotted. In FIG. 11e, a tangential intersection length,
i.e. an intersection length in a meridian plane containing the
principal ray 86, and a sagittal intersection length, i.e. an
intersection length in a plane containing the principal ray 86
perpendicular to the meridian plane, are plotted, again as a
function of the height of the pass point of a principal ray 86 on
the back side 28 of the spectacle lens 10. The tangential
intersection length is represented by the line 90 and the sag-
ittal intersection length is represented by the line 91.

A first example of a spectacle lens configured according to
the invention is represented in FIG. 124. This spectacle lens
has the following values. The distance of the eye centre 82
from the back surface 26 is 24 mm. The firstradius is 807 mm.
The second radius is 73.364 mm. The front surface 16 of the
first lens element 18 and the first back surface region 30 of the
first lens element 18 are formed spherically. A second radius
of curvature at the transition point 40 is 45.514 mm. The first
radius of curvature at the transition point 40 is 150 mm. The
first lens element has a refractive index of 1.807, and the Abbe
number of the first lens element 18 is 34.4. The second lens
element has a refractive index of 1.525. The Abbe number of
the second lens element 24 is 58.3.

The spectacle lens is therefore formed rotationally sym-
metrically. The position of a transition point 40 lies at a height
of'the back surface 26 of the spectaclelens 10 of 8 and -8 mm,
respectively, starting from the optical axis 38 of the spectacle
lens 10. The front surface 34 and the back surface 36 of the
second lens element 24 are formed spherically. A respective
centre of curvature of the surface, however, lies away from the
optical axis 38. Thus, the centre of curvature of the second
radius of curvature lies at the coordinates Y=14.1 and
7=46.541. The centre of the first radius of curvature lies at
Y=-29.109 and Z=146.775. The kink angle is 8.063°. The
wedge edge angleis 22.025°. The origin of the Y-Z coordinate
system represented in FIG. 124 in this case lies at the inter-
section of the optical axis with the front surface 14 of the
spectacle lens 10.

FIG. 124 furthermore schematically represents a normal
plane 92. This extends perpendicularly to the cross-sectional
plane 25, which in the embodiment represented lies in the Y-Z
plane. Consequently, the normal plane 92 lies in the X-Y
plane. The principal ray 86 starting from the eye rotation point
82, which crosses the back surface 26 of the spectacle lens 10
on or at the transition point 40, crosses the back surface 26 at
the pass point 94. Furthermore, it crosses the front surface 14
of'the spectacle lens 10 at a pass point 93. The tangent of the
front surface 14 of the spectacle lens 10 is denoted by the
reference 95. The angle with respect to the normal plane 92 is
the angle W1 and is denoted by the reference 96. A tangent of
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the front surface 34 of the second lens element 24 is denoted
by the reference 97. The angle with respect to the normal
plane 92 is denoted by the reference 98. Between the tangents
95 and 97 lies the “further wedge angle”, which is denoted by
the reference 99. The angle 99 therefore reflects the wedge
angle for a principal ray 86 extending through the achromatic
region 22 at the transition point 40.

FIG. 1256 shows the way in which the profile of the trans-
verse chromatic aberration varies over the height of the spec-
tacle lens owing to the configuration according to the inven-
tion. At the transition point 40, a discontinuity takes place. A
perturbing transverse chromatic aberration of more than 0.25
cm/m therefore only occurs beyond a height of about 13 mm
instead of 8 mm.

As can be seen in FIGS. 12¢, 12d and 12e it is also possible
for continuous profiles of the astigmatic deviation, the overall
prism and the spherical deviation to be achieved over the
height of the spectacle lens. At the transition point 40, the
profiles may naturally have a kink, although they do not have
a discontinuity there. To this extent, there is no perturbing
power discontinuity at each transition point 40.

The tangential and sagittal intersection lengths are plotted
in FIG. 12f. The tangential intersection length is again
denoted by the reference 90. The sagittal intersection length is
denoted by the reference 91.

FIG. 13a represents yet another exemplary embodiment of
a spectacle lens configured according to the invention, or a
spectacle lens according to the invention. Identical elements
are denoted by the same references and will not be explained
again. In this exemplary embodiment, the front surface 34 of
the second lens element 24 and the back surface 36 of the
second lens element 24 are formed as third-order polynomi-
als. This provides an additional degree of freedom, by which
athickness of the edge 12 of the spectacle lens in the embodi-
ment represented in FIG. 13a can be reduced in comparison
with the embodiment represented in FIG. 12a.

In the exemplary embodiment represented in FIG. 13a, the
distance of the eye rotation point from the back surface of the
spectacle lens 10 is 24 mm. The first radius of the spherical
front surface 16 of the first lens element 18 is 807 mm. The
second radius of the spherical first back surface region 30 is
73.364 mm. The second radius of curvature at the transition
point 40 is 45.514 mm. The first radius of curvature at the
transition point 40 is 150 mm. The first lens element 18 has a
refractive index of 1.807 and an Abbe number of 34.4. The
second lens element 24 has a refractive index of 1.807 and an
Abbe number of 58.3. As in the exemplary embodiment rep-
resented in FIG. 12a, the kink angle is 8.063°. The wedge
edge angle is likewise 22.025° as in the exemplary embodi-
ment represented in FIG. 12a. The transition points 40 like-
wise lie at a height of +8 mm on the back surface 26 of the
spectacle lens 10.

Starting from a transition point 40, the polynomial Z(AY)
is formed by 1.43748564-0.13523588 AY+0.01128837
AY?+0.00005 AY>. This polynomial forms the front surface
34 of the second lens element 24. For the back surface 36 of
the second lens element 24, starting from a transition point 40
the corresponding polynomial for the surfaces of FIG. 134
can therefore be expressed as Z of AY=1.43748564+
0.25532965 AY+0.00366456 AY>-0.00009 AY?.

The profile of the transverse chromatic aberration as a
function of the height of the pass point of a principal ray on the
back side of the spectacle lens 10 is in turn plotted in FIG.
135; as can be seen, the transverse chromatic aberration can
again be reduced very significantly at the transition point, so
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that overall the height of the spectacle lens beyond which the
transverse chromatic aberration is perturbing for auser can be
increased.
FIGS. 13¢,13d and 13e in turn show that a spherical power,
an astigmatic power and a total prismatic power have a con-
tinuous profile over the transition point 40. A power discon-
tinuity at the transition point 40 is therefore fully avoided.
The tangential and sagittal intersection lengths are in turn
plotted in FIG. 13f. The tangential intersection length is again
denoted by the reference 90. The sagittal intersection length is
denoted by the reference 91.
FIGS. 144 and 145 show an embodiment of spectacles 130.
The spectacles 130 have a first spectacle lens 10 and a second
spectacle lens 10'. The first spectacle lens 10 and/or the sec-
ond spectacle lens 10' are formed as described above. The
spectacle lenses 10, 10' are arranged in a frame 131.
For these spectacles, a box system or box frame is defined
in the manner known to the person skilled in the art. The box
of'each spectacle lens 10, 10' is bounded by vertical tangents
132 and horizontal tangents of the respective spectacle lens
10, 10". For each spectacle lens 10, 10', a horizontal centreline
138 extends at an equal distance from each of the horizontal
tangents 134. In the example represented, these are identical.
This, however, need not necessarily be the case.
For each spectacle lens 10, 10', a vertical centreline 136
extends at an equal distance from each of the vertical tangents
132. The plane which contains the two vertical centrelines is
a plane of the spectacle plane 142, as illustrated in FIG. 145.
The plane of the spectacle plane 142 may therefore have a
face form angle 144 with respect to the planes of the spectacle
plane 146, 146' of the spectacle lenses 10, 10'. A cross-sec-
tional plane 25, 47 may then extend as a normal to the plane
of the spectacle plane 142 and contains the respective boxed
centre 140.
What is claimed is:
1. A method for designing a spectacle lens for a user, the
spectacle lens comprising a first lens element and at least one
second lens element, the first lens element having a front
surface and a back surface that comprises a first back surface
region and a second back surface region, the at least one
second lens element comprising a front surface and a back
surface, the second back surface region of the first lens ele-
ment and the front surface of the second lens element being
contiguous, a front surface of the spectacle lens being formed
by the front surface of the first lens element and a back surface
of'the spectacle lens being formed in a base region by the first
back surface region of the first lens element and in an achro-
matic region by the back surface of the at least one second lens
element, comprising the following steps:
first establishing a first material of the first lens element and
asecond material ofthe at least one second lens element;

ascertaining at least one first transition point between the
base region and the achromatic region on the back sur-
face of the spectacle lens, a first cross-sectional plane of
the spectacle lens extending through the at least one first
transition point;

first determining a wedge edge angle between the back

surface of the at least one second lens element and the
front surface of the at least one second lens element at
the at least one first transition point in the first cross-
sectional plane and determining a kink angle between a
tangent of the first back surface region in the first cross-
sectional plane at the at least one first transition point and
a tangent of the back surface of the at least one second
lens element in the first cross-sectional plane at the at
least one first transition point, in such a way that a
prismatic power of the spectacle lens in the base region
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at the at least one first transition point corresponds for
the user to a prismatic power of the spectacle lens in the
achromatic region at the at least one first transition point;

second establishing a first radius of curvature of the back
surface of the at least one second lens element in the first
cross-sectional plane at the transition point; and,

second determining a second radius of curvature of the
front surface of the at least one second lens element of
the at least one second back surface region of the first
lens element in the first cross-sectional plane at the tran-
sition point, in such a way that a spherical power and an
astigmatic power of the spectacle lens in the base region
at the transition point correspond for a user of the spec-
tacle lens to a spherical power and an astigmatic power
of the spectacle lens in the achromatic region at the
transition point.

2. The method according to claim 1, wherein the front
surface of the first lens element is spherical and the first
establishment step comprises establishment of a third radius
of the front surface of the first lens element.

3. The method according to claim 1, wherein the first back
surface region of the first lens element is spherical in the base
region, and the first establishment step comprises establish-
ment of a fourth radius of the first back surface region.

4. The method according to claim 1, wherein in the step of
the first determination of the kink angle, the kink angle is
determined as a function of the first material, the at least one
second material, a predetermined variation of the transverse
chromatic aberration for the user of the spectacle lens at the
transition point, the prismatic power of the first lens element
in the first cross-sectional plane in the base region at the
transition point, an inclination angle of the front surface of the
first lens element relative to a normal plane of the first cross-
sectional plane at a pass point through the front surface of the
first lens element of a principal ray coming from an eye
rotation point of the user through the at least one first transi-
tion point, and an inclination angle of the first back surface
region relative to the normal plane at the at least one first
transition point.

5. The method according to claim 1, wherein at least the
steps of the first determination of the wedge edge angle and
the kink angle and of the at least one second determination of
the second radius of curvature are carried out in a multiplicity
of different cross-sectional planes, and for at least one tran-
sition point in each cross-sectional plane of the multiplicity of
cross-sectional planes.

6. The method according to claim 1, wherein the spectacle
lens is rotationally symmetrical with respect to an optical axis
of'the spectacle lens, and the steps of the first determination of
the wedge edge angle and the kink angle and of the determi-
nation ofthe second radius of curvature are carried out in only
one cross-sectional plane.

7. The method according to claim 1, wherein the first
cross-sectional plane is a meridian plane of the spectacle lens.

8. The method according to claim 1, wherein the cross-
sectional plane comprises the respective at least one first
transition point, an eye rotation point of the user and a zero
visual point on the back surface of the spectacle lens.

9. The method according to claim 1, wherein the front
surface of the at least one second lens element and/or the back
surface of the at least one second lens element have a constant
curvature in the first cross-sectional plane.

10. The method according to claim 1, wherein a centre of
curvature of the front surface of the at least one second lens
element and/or of the back surface of the at least one second
lens element in the first cross-sectional plane lies outside a
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symmetry axis of the front surface of the at least one second
lens element or respectively of the back surface of the at least
one second lens element.
11. The method according to claim 1, wherein the front
surface of the at least one second lens element and/or the back
surface of the at least one second lens element is aspherical.
12. The method according to claim 1, wherein the ascer-
tainment of the at least one transition point is carried out on
the basis of a predetermined transverse chromatic aberration
limit value of a transverse chromatic aberration for the user,
the transverse chromatic aberration for the user at the at least
one first transition point being less than or equal to the trans-
verse chromatic aberration limit value.
13. The method according to claim 1, wherein the at least
one first transition point is established by ascertaining a dis-
tribution of a transverse chromatic aberration for the user on
the back surface of the first lens element, and the at least one
first transition point is set at a point on the back surface of the
first lens element at which the transverse chromatic aberra-
tion is less than or equal to a predetermined transverse chro-
matic aberration limit value.
14. A method for designing and making a spectacle lens for
a user, the spectacle lens including a first lens element and at
least one second lens element, the first lens element having a
front surface and a back surface that comprises a first back
surface region and a second back surface region, the at least
one second lens element comprising a front surface and a
back surface, the second back surface region of the first lens
element and the front surface of the second lens element being
contiguous, a front surface of the spectacle lens being formed
by the front surface of the first lens element and a back surface
of'the spectacle lens being formed in a base region by the first
back surface region of the first lens element and in an achro-
matic region by the back surface of the at least one second lens
element, the method comprising the steps of:
first establishing a first material of the first lens element and
asecond material ofthe at least one second lens element;

ascertaining at least one first transition point between the
base region and the achromatic region on the back sur-
face of the spectacle lens, a first cross-sectional plane of
the spectacle lens extending through the at least one first
transition point;

first determining a wedge edge angle between the back

surface of the at least one second lens element and the
front surface of the at least one second lens element at
the at least one first transition point in the first cross-
sectional plane and determining a kink angle between a
tangent of the first back surface region in the first cross-
sectional plane at the at least one first transition point and
a tangent of the back surface of the at least one second
lens element in the first cross-sectional plane at the at
least one first transition point, in such a way that a
prismatic power of the spectacle lens in the base region
at the at least one first transition point corresponds for
the user to a prismatic power of the spectacle lens in the
achromatic region at the at least one first transition point;
second establishing a first radius of curvature of the back
surface of the at least one second lens element in the first
cross-sectional plane at the transition point;
second determining a second radius of curvature of the
front surface of the at least one second lens element of
the at least one second back surface region of the first
lens element in the first cross-sectional plane at the tran-
sition point, in such a way that a spherical power and an
astigmatic power of the spectacle lens in the base region
at the transition point correspond for a user of the spec-
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tacle lens to a spherical power and an astigmatic power
of the spectacle lens in the achromatic region at the
transition point;

manufacturing the first lens element;

manufacturing the at least one second lens element; and,

connecting the first lens element and the at least one second

lens element.
15. A computer program product having program code
which is configured to carry out a method for designing a
spectacle lens for a user when the computer program product
is run on a data-processing device, the spectacle lens includ-
ing a first lens element and at least one second lens element,
the first lens element having a front surface and a back surface
that comprises a first back surface region and a second back
surface region, the at least one second lens element compris-
ing a front surface and a back surface, the second back surface
region of the first lens element and the front surface of the
second lens element being contiguous, a front surface of the
spectacle lens being formed by the front surface of the first
lens element and a back surface of the spectacle lens being
formed in a base region by the first back surface region of the
first lens element and in an achromatic region by the back
surface of the at least one second lens element, the computer
program product comprising performing said method by car-
rying out the following steps:
first establishing a first material of the first lens element and
a second material of the at least one second lens element;

ascertaining at least one first transition point between the
base region and the achromatic region on the back sur-
face of the spectacle lens, a first cross-sectional plane of
the spectacle lens extending through the at least one first
transition point;
first determining a wedge edge angle between the back
surface of the at least one second lens element and the
front surface of the at least one second lens element at
the at least one first transition point in the first cross-
sectional plane and determining a kink angle between a
tangent of the first back surface region in the first cross-
sectional plane at the at least one first transition point and
a tangent of the back surface of the at least one second
lens element in the first cross-sectional plane at the at
least one first transition point, in such a way that a
prismatic power of the spectacle lens in the base region
at the at least one first transition point corresponds for
the user to a prismatic power of the spectacle lens in the
achromatic region at the at least one first transition point;

second establishing a first radius of curvature of the back
surface of the at least one second lens element in the first
cross-sectional plane at the transition point; and,

second determining a second radius of curvature of the
front surface of the at least one second lens element of
the at least one second back surface region of the first
lens element in the first cross-sectional plane at the tran-
sition point, in such a way that a spherical power and an
astigmatic power of the spectacle lens in the base region
at the transition point correspond for a user of the spec-
tacle lens to a spherical power and an astigmatic power
of the spectacle lens in the achromatic region at the
transition point.

16. A spectacle lens comprising a first lens element and a
second lens element, the first lens element being formed from
a first material and the second lens element being formed
from a second material, the first material and the second
material interacting at least partially achromatically, the first
lens element having a front surface and a back surface that
comprises a first back surface region and a second back sur-
face region, the at least one second lens element comprising a
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front surface and a back surface, the second back surface
region of the first lens element and the front surface of the
second lens element being contiguous, a front surface of the
spectacle lens being formed only by the front surface of the
first lens element and a back surface of the spectacle lens
being formed in a base region by the first back surface region
of the first lens element and in an achromatic region by the
back surface of the at least one second lens element, the first
back surface region of the first lens element having a first
tangent at at least one first transition point between the base
region and the achromatic region in a first cross-sectional
plane of the spectacle lens, the back surface of the at least one
second element having a second tangent at the at least one first
transition point in the first cross-sectional plane, wherein the
first tangent and the second tangent intersect one another at a
kink angle in the first cross-sectional plane, the magnitude of
the kink angle being less than 90°.

17. A spectacle lens comprising a first lens element and a
second lens element, the first lens element being formed from
a first material and the second lens element being formed
from a second material, the first material and the second
material interacting at least partially achromatically, the first
lens element having a front surface and a back surface that
comprises a first back surface region and a second back sur-
face region, the at least one second lens element comprising a
front surface and a back surface, the second back surface
region of the first lens element and the front surface of the
second lens element being contiguous, a front surface of the
spectacle lens being formed by the front surface of the first
lens element and a back surface of the spectacle lens being
formed in a base region by the first back surface region of the
first lens element and in an achromatic region by the back
surface of the at least one second lens element, the first back
surface region of the first lens element having a first tangent at
at least one first transition point between the base region and
the achromatic region in a first cross-sectional plane of the
spectacle lens, the back surface of the at least one second
element having a second tangent at the at least one first
transition point in the first cross-sectional plane, wherein the
first tangent and the second tangent intersect one another at a
kink angle in the first cross-sectional plane, the magnitude of
the kink angle being less than 90°;

wherein the spectacle lens has two transition points in the

first cross-sectional plane, the respective first tangent of
the first back surface region and the respective second
tangent of the back surface of the at least one second lens
element intersecting one another at each of the two tran-
sition points.

18. The spectacle lens according to claim 16, wherein the
first tangent and the second tangent intersect one another at
the at least one first transition point in an axial position range
of more than 160°.

19. The spectacle lens according to claim 16, wherein the
respective first tangent and the respective second tangent
intersect one another in each cross-sectional plane of the
spectacle lens.

20. The spectacle lens according to claim 16, wherein the
first lens element is arranged in the base region and in the
achromatic region, a front surface of the spectacle lens being
formed by a front surface of the first lens element, a second
back surface region of the first lens element and a front
surface of the at least one second lens element being contigu-
ous in the achromatic region, and the front surface and the
back surface of the at least one second lens element converg-
ing on the at least one first transition point in the at least one
first cross-sectional plane and forming a wedge edge angle
between them.
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21. The spectacle lens according to claim 16, wherein the
front surface of the at least one second lens element and/or the
back surface of the at least one second lens element have a
constant curvature in the first cross-sectional plane.

22. The spectacle lens according to claim 21, wherein a
centre of curvature of the front surface of the at least one
second lens element in the at least one first cross-sectional
plane lies outside a symmetry axis of the front surface of the
at least one second lens element and/or a centre of curvature
of the back surface of the at least one second lens element in
the at least one first cross-sectional plane lies outside a sym-
metry axis of the back surface of the at least one second lens
element.

23. The spectacle lens according to claim 16, wherein the
front surface of the at least one second lens element and/or the
back surface of the at least one second lens element is aspheri-
cal.

24. The spectacle lens according to claim 16, wherein the
spectacle lens is rotationally symmetrical with respect to an
optical axis, the first cross-sectional plane or each cross-
sectional plane being a meridian plane of the spectacle lens.

25. The spectacle lens according to claim 16, wherein the
first cross-sectional plane or each cross-sectional plane
extends through the spectacle lens in such a way that it divides
the spectacle lens in a normal plane perpendicular thereto into
two equally large areas.

26. A spectacle lens comprising a first lens element and a
second lens element, the first lens element being formed from
a first material and the second lens element being formed
from a second material, the first material and the second
material interacting at least partially achromatically, the first
lens element having a front surface and a back surface that
comprises a first back surface region and a second back sur-
face region, the at least one second lens element comprising a
front surface and a back surface, the second back surface
region of the first lens element and the front surface of the
second lens element being contiguous, a front surface of the
spectacle lens being formed only by the front surface of the
first lens element and a back surface of the spectacle lens
being formed in a base region by the first back surface region
of the first lens element and in an achromatic region by the
back surface of the at least one second lens element, the first
back surface region of the first lens element having a first
tangent at at least one first transition point between the base
region and the achromatic region in a first cross-sectional
plane of the spectacle lens, the back surface of the at least one
second element having a second tangent at the at least one first
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transition point in the first cross-sectional plane, wherein the
first tangent and the second tangent intersect one another at a
kink angle in the first cross-sectional plane, the magnitude of
the kink angle being less than 90°;
wherein the achromatic region extends in the first cross-
sectional plane from the at least one first transition point
to an edge of the spectacle lens.
27. A spectacles comprising:
a frame;
a first and a second spectacle lens;
the first and/or the second spectacle lens being a spectacle
lens including: a first lens element and a second lens
element, the first lens element being formed from a first
material and the second lens element being formed from
a second material, the first material and the second mate-
rial interacting at least partially achromatically, the first
lens element having a front surface and a back surface
that comprises a first back surface region and a second
back surface region, the at least one second lens element
comprising a front surface and a back surface, the sec-
ond back surface region of the first lens element and the
front surface of the second lens element being contigu-
ous, a front surface of the spectacle lens being formed
only by the front surface of the first lens element and a
back surface of the spectacle lens being formed in a base
region by the first back surface region of the first lens
element and in an achromatic region by the back surface
of the at least one second lens element, the first back
surface region of the first lens element having a first
tangent at at least one first transition point between the
base region and the achromatic region in a first cross-
sectional plane of the spectacle lens, the back surface of
the at least one second element having a second tangent
at the at least one first transition point in the first cross-
sectional plane, wherein the first tangent and the second
tangent intersect one another at a kink angle in the first
cross-sectional plane, the magnitude of the kink angle
being less than 90°;
the cross-sectional plane or each cross-sectional plane of
the respective spectacle lens containing a boxed centre
of the respective spectacle lens and extending as a nor-
mal to a plane of the spectacle plane of the spectacles;
and,
the plane of the spectacle plane containing the vertical
centerlines of the box of the first and second spectacle
lenses.



